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IrifcMrAifrftJhMtAMrAIAiiMliMifcliiliftiMllillfcM 
ftkm iaorMaing u«« of sulphur •oavoiiiida i a 
••41«ia« And Induatry h M o«iia»d tli« prottat lMiiglili«iM« 
intaroat In ohMdoal u d struatura iiiv«t%igiitleiit of 
MotoX ooBploxoo inmltriiig oulphur 4oMr l igmdo* 
Roeoiitly« an inoroaalng intoroat liaa boon ahooa l a 
hoavy aotal toxloittjr pa««oraa and in tbo doYoXopaont 
of now ohoXating agonta with groatar aoXoatlirlty lt»r 
aono of toxio l»aV7 «otaXa» i t l a noaoaaavy to dotaraiao 
tha varioi^a atruotyraX aapeota of ohoXating agonta oa 
ooapXoxatioa with toxle Bat«2.a and to draw a oonoXuaion 
rogardlng ttaaU* aoXootlvity v l th roapoot to a partlouXar 
aat«X iona* I t la thua obvious that tha aoXootivity l a 
tha ahoXating eganta for tha toxio aotaXa aight havo aoao 
thavapoutio advantagaa* lloXootivity l a aaaXytlaal work 
l a of tan aohiavad toy tho adjuataont of fM, additioa of 
a Xarga aaouat of a aaaoad aoordiaatiag agoat* aoXvaat 
oxtraotioa, or Toriaty of taohai^ioa aot foaaiblo i a 
tharapy. Baneo» i t ia oonaXaAad that tha aoloatftntf 
of a tharapoutio ohoXatiag agoat aaat ariao aXaaat 
oxoXualvaXf froa tho atruatura i t haa ovar a pH raago 
of 7.a0 to 7.00. thua* tha aaaroh for h ig t t f aolootivo 
•iMlating i^tiits for ««rtftiii «•%•! ions ! • p«r»tt«A t« 
fsdUitftU ISh« ••parailon or •horMtorltfttlMi ot Mtli 
mta l t froa auItl->oa«poiiMit ayatoia. 
Zn vl«« of tho obovo findings* i t mv bo oorthi^lo 
to study tho various struetursi ospoots of ohoXotinf sgsnts 
on ooaploxotion with toxio «ots ls . IhMm, sn sttonpt in 
tho ibovo dirootion for soolcing suoh o oorroiotioa 
botoowB Bognotio waA spootroehMiiesl bohsTiour of notsi 
oonploxos of sons suoh aodol aholsting tgonts has boon 
flMdo» ohioh nsy throv light on thoir noohsnisn of sotion 
and May also opon up suoh possibi l i t ios for sens othor 
organio thio oo«pounds in tho doYolopnont of oholato* 
tharapy and in tho aoareh of no» oholating agont of h i ^ 
thirapoutio valuo. Thoso studios nay load soni* 
quantitativoly an undorstanding* in gonoral» of tho 
following ospootoi 
(Z) tbo donor pr^sriy of tho oulpliMr otoa* 
(ZZ) ttM position of tliio oonpounis m mm SMB 
Wtm^ t» i^ootrothoniosl «ni nopboloiuiotis 
sarios ona oorrosponding sorios of oontrol 
notal ato«s» 
(ZZZ) tho natnro of notal^sulplittr link* 
(ZV) ooordination nynftsr, ot«roo«lis«iotry and 
OBidation stato of transition notol ions* 
(V) anowa.<»tts naviotio bohaviour of transitiott 
natal oonploxos* 
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M^aMM of co(2X)» iKzi), oii(U) Md 09(in) vitu 
Ctt(zx), or(izz), iiii(xx), r«(zzz), mdx)* o«(xx)» 
BgCXX), Pt(IV), Pd(XX) and Os(VZ) oomilMM vitti 
thiodisu««lBio aeid (TDSA) and Oo(XX>, i i(ZX), Cu(X), 
Zli(XX), Cd(XX}» Bt(XX)» Ft(ZZ)» rd(XZ) and O s ( n ) 
•<M9X«x«» with gX7«eIdiflMr«ap%oM«%a%« (4KHU). 
The struotiiral foraulM of ihooo llfoado aro 
glvan balovi 
(X) 3,8^.7taodipropionio aald (fDPA) 
OB|2.0H|I«OOOB 
(•08g*OOCNfl 




Aa offor« Itei 1M«B Mdo %o iaoXoto M i aliarao-
tarlao tbo i^ovo MAtloaod «atal oomt^ osoa of IDrd* 
MtMatlon mtmU of owitrfti «•%«! ti%m9 of Vkut— •Mipl«jt«t 
haT« b««n aftudl«4 \fy iMSMtIo «uM«ptlbUlly, 4iffUM 
r«fl«etaiM« amA liifr«r«« •pMtral «M«WWMI«« , HI* 
r«8ulta of thttt« atuAios oould bo lunMriood • • folXomit 
3,S^»Shiodipropi0nlo aeld, 3(C3Ig,0% COOH)^ , 
foMM ttiiblo i t l ooXourod eonploxoc vUh Oo(ZX)« nUliy, 
OaCZZ) and £:3 eoXourod oovpXox ivUh Gr(ZZI} (Mgl^) and 
their atruotiaraa hava boon obaraottii^lsad on tha baaia 
of aXaiiantaX anaXyaia# aagnetlo ataaauroaianta* aXaataronia 
and inArarad apaetraX atudiaa* Zt ma found that aXX 
th«aa eoaipXaxaa ara Mfib»apin oatahodraX* Co{XZ} and 
Si(Zl) aonpXoJcaa ahow nornaX aagnatla noaanta btt« Ctt(ZZ) 
and C (^ZZZ) ooupXaxoa aadiibit aaonaXoua aagnatia 
babavlour. HaXavant Xlgand flaXd paraoatava hava boan 
raporfeod for thaaa ooaipXaxoa* 
thiodiauaalnia aold (TDSA)* 9 <-f P 000l\ » favaw 
aftabXa aanpXaxaa with OobaXb (ZX)» ItaliaX (ZI)« Coppov 
(ZX) and Manganaaa (ZZ) of «ba tfpo \H^ * ^ ^ * 
(» « aataX* L « Xi«anA), X a • fo» Ci^ aXt (ZZ) an* 
ilUkaX(ZI>. ahlXa X a 4 fov Cow»«» UZ) and KantM*** 
(ZZ) and «l«h Ztoa (ZZ), Cadsliaa (ZZ), Maroury (ZZ) and 
PaXXadliM (ZZ) of tha tgrpa [l^ LJ.XHfiO, X a X far Zi»a 
(ZZ) and FaXXadivn (ZZ) and X « • far OadB&w (ZZ) and 
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n»muP7 (22) vaA with GtaroiiliM (122) and 2rMi (222) ^f 
thm tjv [%L(OB)g]. SHgO and «Uh natiniHi (2V) «r «h« 
tfptt ^ L . O l ^ Mid vlth Omlvm (V2) of tftitt ^PARIIOS) 
t{OU)^^'',SB^O, 3h«ir ««ru«ttVM lutv« b««a Char«•%•»!sad 
on tiM bftsla of •l«Ma««l analjal** M«»«%i« «oMa%» 
•l«otronio and 2.R. txiMtral attidiaa. C«b«Xt (22) and 
Maagaaaaa (22) form hisb-apia oatahadral aoaplaxaa* trt^ Ua 
Biokal (22) aad Cappar (22) twm dlatorfead eotahadral 
aoHplaxaa» ahlla Ofarosiuat (222) aad 2roa (222) fom 
high-apin tjrpiaalXjr hr&»oxo»hrXdgmA ootahadral aoaplaxaa. 
Flatiaua (2V) foraa dlsoaagnatio ootMOiadral aaaplax» 
FalladiuM (22) foraa diwiagnatla a<|uara«>p2aaar ooa9»lax 
aad Ogmlvm (VI) iToraa diaoagnatia diatortad aaftahadral 
aoaplaa. 2iaa (22)* Oadalua (21) and Maraury (XI) i^cm 
diwMgaatia tatvabadral aaaplanaa* 2«H« apaatra abova 
that aaavdiaatiaa tahaa pXaaa through aarhajqrlat* groupa 
of tha ligaad aad thair aoardiaatlaa poXyhadraa aiiat ha 
aaapXatad a&thar hy vatar aalaaalaa ar O^B tir&dgaa ar hy 
9mm latanMXaaaXar latavaatioaa* prah«h27 thraagh fraa 
aarhm^la axygana. Ralavaat ligaad fiald paraaatara 
hava alao haaa aalaalatad far teaaa aoai^axaa* «ha 
aaphaXaaxatia affaat aaaaa to ha aara offaativa tm 
Cahalt (22) thaa hiokaX (22). 
•ttitU Mtt*«X««%rollU« •Mi>l»ac«« vltti e«(2X}, li(ZX)« 
»l(2Z}« QAUl)» Hg(n)* F%(ZZ) Mitf P«(ZZ} Af tli« g«iw«l 
fora (li,L)» (M • «•%•!» h m ZigAad) aatt «i%h Qtt(Z) of 
fth» ^ p« [WiDe] and vith Ot(VZ) of «]i« «yp« 
OR «b« bft«i« of HftCMtio md •^••trttZ studi**, fii« 
ligand in thmtm •eaipl«jc«a Mcaapt Os(VZ) OOMPZM ««%• 
•« « «««rfi4«iitAt«t ooordlAftting ^rougki )Mtb S MBA 0. 
I^a Oo<II) ooiipXax ! • •quara-pXttnar vith aagnatie Moaank 
of t.9S B«lf. Shla raduoti<m in wagBttia aeaiMt vaXva 
Ig daa to tha IT* bonding affaeta* il(ZZ) forma « 
diamgnatia aquara-pXanar aoi^ >Xajc« Iha Copp«r tamm 
a dianagnatia talHPahadral aoaqpiXax iAvolviag Sp^ tagrbvl* 
diaatXon* in idiiah tha Ou(ZZ) la raduaad to Cu{Z)* 
Zn(ZZ)« Cd(ZZ) and lig(XX) aonpXaxaa ara tatrahadraX. 
PtUZ) and ?d(ZZ) ooHpXaxaa ara a%iMra*pXaBar« Zn Oa(VZ) 
9m»l*%» tha Xigand aata aa a liUantata ooordlaating 
throttglbt botli a oaXy and Ita aim aaovdtsMitlMi aitaa auat 
ba aai[«>Xatad tlirougli •OU groupa, Oa(VZ) aeayXax la 
diaauMpiatla and dlatortad oatabadraX. 
Tba praaant atiidiaa aXaa ravaaX tba poaitlan af 
m>Wk In ]q»aatraahaMlaaX aarlaa aomaitoara batvaan pgr •»* 
ni^ oad tba paaltiona of fDFA and TD8A naar aba«t IgO. 
i t •on*«li«r« b«tiv«Mi «li» eblorl4« and ojcalat*. A& 
atttapt ha* alao bean mmim %o mMplmlu th% nrntatm «f 
aMitaI*tttlpl»ir link* 
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ooi^Xox of Siao (ZZ) i& AftJtX wXX. 
PZOOm «0.W, Zafpopod opootPUM of aXfooXdiaopooptoMoteto 
eoapXox of OiJaiwi (XZ) ia ffaioX aaXX. 
iZOVRB I0.90. XafPoPod opoo^PWi^ of <araXdlMroopftooto%ftto 
•ii^Xox of Maroiipp (XZ) ia MftJoX aAXX* 
<V) 
—&X *' i^latiaiai (XZ) la lujol attll. 
FXOQfRS K0»88. lafrarod spftotruoi of SXyeoldtiaorooptoooototo 
•Miplos of FollftAivK (ZX) ia VvJeX m i l * 
fiomii VO.as. XofroroA opootruM of Clljooldlaorooptoooototo 
ooapXox of OmUim (VX) in lajol MIX1» 
>s 0 i< 
in> 
hm 9^ tmm 
TABLB • i * Mi i iMt i * BMMiit and «ol«r •oii«tt«t«M« a«««ttr«« 
•M i t t of fDFA •eapl«x«a, 
TABLB • 8. MttUBm p^tl—twrn •pMtra MA ligtad t i a d 
parMMttra of OoliaXt ( U ) , VUkol (XZ), Ooppor ( IZ ) 
•ad ChroidlUM (ZZX) oonploxoa of TDPA. 
Tablo * 8 . Z*R. fk^oQiMooioo itaC^) of Wfk maA i t s ooaploxoo 
of Oobolt (ZZ)» KiokoZ (ZZ), Coppor (ZZ) and 
Cliro«iua (ZZZ). 
ffABLK • 4» Mofaotlo aMMoat aaft aoXov oondttotaMo aoofttro* 
•onto of fD3A ooapZosoo. 
f ABLS • 6 . Magnotio maant aad aolar aoadaataaaa aaaattro-
aanta of 70SA ao^pXaxaa. 
TMMLM « 0 . Diffuaa rafZaoftanaa apaatra and Zigaad f iaZd 
paraaatara of Cobalt (ZZ)« UakaX (ZZ}« Goppar (ZZ^ 
aaA Cfapoaitia (ZZZ) aoaplaacaa of TDSA. 
fABLS • 7 . Olffuaa raflaotaaeo apootra and Zicand f i a l d 
paraaatara of Saagaaoaa (ZZ) aadZron {111) 
aoapZoxaa of YD8A* 
TABLB « 6 . Z.R. fraouanalaa (aa*^) of 7DSA and I t a ooapXoxaa 
of Cobalt (ZZ), Biakal (ZZ)« Coppar (ZZ) md 
CbroaiuB (ZZZ). 
TiONLB « • • X.B. fvaquanaiaa (aa*^) of TDSA aad i t a aoaplaxaa 
of Biaa (ZZ)« Gadaltta <ZZ)« HapaaiT (ZZ)» Maaginaaa (ZZ) aad Zron (ZZZ). 
fABLB - 10* Z.B. froquaaaiaa (aa*^) of 9D8A aad i t a aoapZaxa 
of na t iaaa (ZV)« PaXZadivn (ZZ) aad Oaaiiia m ) . 
fABLB • U« aiafaatia aaaaat aad aoZar aaaduataaaa aaoMra-
aaata of ODHA ao^plasaa* I * 
fABLB « IB* Z.R* flPa<ikiaaaioa (aa*^) of ODBA aad i t a 
•aapZosoa of Cobalt iZZ)» Biakal (ZZ) , Coppay ( Z ) , 
Biaa (ZZ) , Oadaiua (ZZ) aad Karaury (ZZ). 
fABLB • 11 . X.R. n^a«iaaaiaa (aa-^) of <R>MA «i4 I t a 
aoaploaoa of n a t i a a a (ZZ), Palladlua (ZZ) aa4 
( f l ) . 
t 0 t 
aBnHgE<r(IKrW!BCTtCH»roilllJMtWI80BQB0CCEO5qwMliW^ 
l b * p»ettli«r l»t«r««% of org«ai« ooMpounds nontaiao 
ins sulptiy^ryl «ad di«iaptkid« ^^oiaps ! • 09iin«o%«d vi t l i tlM 
f Mife t lwt stttth ooapounds f iiul i^pi»pfe«tit u«« SA »«4i«iii«« 
tel«l«iy and liiidutlapy. th«y ar« ut«d analytloallir ( i t S> 
and tbarapfutieiOl; (3* 4) as praaisint liganda. Zi» aanHiaa 
a faVf thtgr atlaulata the raapiratory a a t l v l t j (6) a f 
lirain oortax and sat aa antlaaptia far food atuffa (d)* 
Ma^ai aalta of aona of thaaa auXphur aoi^ poimda liava l»aaii olsa 
auggaatad aa an antldota in haavy aatal poiaoning by Bi» 
Aa* Sb and An, Paoantlj* it» ia wall aatabXiahad «ha% 
p3rrldoxiaa-6*«hioX ia affaativa in f a e i l i t a t i n g tha 
raBMval of wareury out of tha aantral nanroua ayataat and 
aaroaa tha blood brain barriar ( 7 ) . fha M(Z I )» n(XV)» 
OA(XI) and Bi(XX) saXta of thaaa aeidt hava aXio baan uaad 
i a tba aaparatioa of Ru« » and l^ tram U« SuXpinar 
aaapauada aantaining aaina gr««pa ara of intaroat aa a 
agratliatia iataraadiata* partiaaXarXy of dyaa and i^araa^ 
aawtiaaXa (• • iO ) . I M M I of ttia Miaathio aaida bava baaa 
aaai i a t iM priqiaratioa of ptaaapliartta aoataiaiag 
paatiaidaa < l i )« fbaaa aaiae«thiaXa bava baaa aaad aa 
a aatalf•% i a »tiaaaX«aa»l aaadaaaatioa and for tha 
raaovaX of traaaa of Oa, Wm or l i f raa fata aai aiXa* 
i t haa baaa foiaid that tha iaaXuaiaa of aaXphur or tha 
•Hlisttttttioii of w o«ys«ii bgr aulyiuir giv«a iiMr««««4 
M«lvity and worm tmw»mblm «»xi«ifqr ratio ( I t ) . Z% i« 
ropor%«« that ••••r«2. antltoiotie and tli«ra|^«utla agaata 
ppoduoa antlbaatarial affaat aftar aon^Iaxatioii with 
Mtala (i9»16). It ia alao lawwi that aoaa dmga Waaaa 
•ora affaativa alian atelaistarad aa aatal aomvlas 
(16* 17) and • mui^ vr of Motal ohaXataa Kava baan found 
to lid&il>it tunour ffpovth (18), In oanoar tramtnont i t 
haa baan afaotm that ttto aatlva apaalaa ia not tbo 
tbioaaadearbasona itaalf but a natal ehalata of tha 
thiosaaiaarbas no (10» eo)* 
Tbtt ayatiiealfe of ne« eholatlng a&anta of tharapautla 
valua hava baan tha aubjoot of aia f^ raoant studioa* JM 
tha oourao of dovoloimant of now ehalatlng aganta with 
flpraatar aaXaatlvlty for aona of toxla haavy auitala* i t ia 
naaaaaary to dotaralna tha varioua atruaturaX aapaata of 
oholatiac aganta en aonpXanation with toxio aatala and to 
draw a aooaluaion rog«i»ding tho aalootlvitf of varicua 
ohalating aganta with roayoot to partiouXar natal iona« 
I t ia tlma obvioua that tho aolootivity in ^ o ohalating 
aganta for tha toxia notala night havo aona tharapautio 
advantagoa. Solaotivitir in analytioal nark ia oftan 
aahiavad by tho adjuatnant of tho pB« addition of a largo 
•nount of a aooond ooordinating agont* aolvont oxtraotion* 
or wmttmtf of toolmiquoo not foooi^lo in thorapy. Boaoo* 
I t i s oonoXudoA lliat ^ « solootivlty ot m thori^otttio 
oholatiag ogont wumt orio* •laeat ojcoluaivoly from tlio 
atruatura i t haa ovap a pB ranga of 7«S0 to 7,fiO (Si}« 
lbu»» tha aaaroh for hig^Xj aaXaotiva ohaXatiag 
agoBta fbr oartain »cit&l ions ia parauad to faaiXitata 
th9 aaparation or charae fear 1 nation of auoh aatala trim 
flRalti-o<»poa«nt ajftoma* Th« baaio objeot haro ia to 
admlniat«r a aatal oois^lax w i^ioh will ramoira tha toxio 
S9tJil8# tJPoa tbe hueaan body and ainultaneoualy havo a 
•ininal affaet on tha diatpilwtioii of tha aaaantial natal 
iona* Thua» t£he ehaiation na? ba amphasiead aa a aaohaniaai 
of drug aatien* The baalo objaet muy ba atatad in taraw 
of tha proaaaa daali*ad -
Riaaan body ooatalniat 04, 
Chalata of variooo ^ ^ i l * natal a* Otrtt lb I j 
aaaantial natal iona Pa**, KT. Ha*, W^» tor*. 
Oar*, zn"* ato. 
Hainaa bodj nith a fsmal.^^ 
ssn^*, war, IT. 
fojcia natal ohalato ^ 
in axarata 
^arafera, i t ia northwhila to ahooaa aona noAol 
•holating agonta* ahioh tponld havo nera donor aloaa and 
nonld bo oapabla to f am a nera atabla and naoro oholntoa 
vith tosia lio«vy nataXa« Sunh typa of abolating bahaviour 
will r«t«Fd th« rmmX •xoratlon of toxio ••tals* Thus* 
%h9 9o««&tolIlti of roi^baorptioa of toxie aotalo by kldaty 
oan bo oxoludod os thoy aro oxorotod billtiry. Zn oono 
oooof it hao b«an oboorirod tliot OMIO of tho hoovy ao%id 
ooMpoundo aro sabooquontXy reobaorbod with blXo aoids aaA 
agala partiolpnto In ontorohopatie elreulation* A* • 
oonooqiiocioo foeal axerotlon of hoofy a«t;al la aiodoat* 
Suoh typo of natal ^olataa that roaovo toxlo hoavy aotaXa 
fpoa antorohapatlo oireulatlon aro kaovn aa aatopohapatlo 
ehalating agasta* It la aaaontlal for a ontorohopatlo 
ohelating agont that it Huat bavo h i ^ aoXoeular woight 
and i^proxiaatoXy diatributod to poXar and nen^poXar 
portions ao that FiXtratioa through gXeaoreulua of kidsoy 
ia hindorad and praforrod biXiary and faeaX axeration {tk% 
tho inoroaaing t&ao of auXi^ur eoapotmda ia aodioiao 
aad induatpy haa ooaaod tho proooat hoightoaod iatoroat ia 
ohoaioAX aad atvaotwaX iavoatigatioaa of aotaX ooapXoxoa 
iavoXviag aoXphur doaor Xigaada. tho study of ooapXos 
•oapounds la its aodsva phaso is bssod oa tho pioaooriag 
igrathotis vorh of Wsraar* <rtio oaunoiatod tho ossontiaX 
prinoipaXs of ooovdiaatioa noabar* diroot aatsX to Xigaai 
bond and atorooohoaistvy. Tho ^ppXioatioa of quantua 
aoohsaios br PaftXiag (f»aa iStS oavsrds) providod tho aaia 
sttaulas to tho growth of tho aodora thoorios of ohoaioiX 
Wadias and trtiftt wm» mttf imp^rttokt, 1% gvf « SMIM • f 
purpoM to iMvar pbgrsiesl t««hniq|U«i ! • • • ««il,R.» l.P.R,, 
•agiMtitt ••••ur«B«iit vis&bl«» ultraviolvt and lnfp«r«4 
wpmnttOMopf • • ««1X • • tb« Hor* r«e«ntly A«v«l0p«A fields 
llk« aierov«v«« imoX««r qua«rupd«« aosabaiMT •p««tra and 
9th9r •iMtroale and radioohwaioaJL aattioda* 
ZB thm eontaxt of solution ahtadateryt tho aolour 
ebango lAiioh doponda on tho Uganda dlroetlj attaaliad to 
tl&a oontral natal ion and diffarMit spatial arrangoaMmta 
of bonda around tha oantral atatal ion* ean bo eorrolatod 
with tha aarkad ehango in th« stagnatia propartioa* 
Subaaquant dovalopMumta of ligand f iald approxiswtlim 
(C5«>S7) ovar wyatal fiold thaorjr (89» 24) and tha 
oorrolation batwaon ap«otPal (both t7,V« woA visibla) and 
•agnatio propartloa lad to a batt«r undaratandiag of bond 
typo (ionia or oovalont) and staraoehaniatrf of aotal 
iona in eonplaxaa. Tim gonaral troataant of tbo ligand 
fiold tiMonr in aoaplaaaa of difforant ataraeahaBlatry 
has boan givon bf difforant author a (fi6*Si). 
llw study of Magnatio proparty ia parhapa tho 
aiaplost yot vary potant tool for prodioting tlio atarao* 
ohoaiatry* tha oxidation atato and bond typo in tho aoaplos 
oo^^UBds. VliUo V«a.Vlaok (88) sal Fauling (S6) approaohas 
hava ba«i aatiafaatorily usod to aoaouat for ttio noaoat of 
•pin-ftPM (I^F^Fg) Mii •plA-p«ir«A (%F,(OI}«) •oapo«n4« 
•f tlM firct row transition aotalot tli« fotoni (S8) 
Vbmowj appooTi to proirida « roaaoxtaMo aspXanatioii la 
taraa of tha inoraaaod apixi»orbit eoopliim for tha Xov 
MNMata obaarvad la muogr aoapounda of tho boavlar 
tranaition aatala* In tha oaao of haavjr tranaltioa aatal 
ooMplaxoa oxplaaatlon of t ^ anoaalloa ara gaaaralXy 
aottg^ t la tha raXatlva affaot of tho faotora lUcai* 
(X) tha graatar aryataX flaXd affaota dua to Xargar 
anargjr aoparatloa ( A ) batooon d^ and dy orbltaXa* 
(XX) tha prapondaraneo of Intaraodlato forma of tha 
aoi^Xlag* (XXX) Xargo apln^orblt ooupXlag eoaataata of 
tha aataXa lavoXvad and (XV) tha lafXtianoa of «itlfarro 
•agaatla lataraatlon. tha ravlava oa tha aubjaat bgr 
JiyhoXa (99. ft4) and Flggla aad Lavla (•&) ara aoaaandabXa. 
tha avallabXa data oa tha aagaatla atudlaa aad 
atruaturaX aarraXatloa of aataX aoppXaxaa laioXvlag vtrloua 
typaa of thlo-orgaaio Xlgaada aaa bo auaaarlsad aa fbXXowat* 
Goaplaaao of aaroaptldoo vlth XKXX), Ou(XX) aad ZB(XX) 
axhiblt aoraaX aagaatia mmm% ( M - U ) but aoat of tho 
OO(XX) ooapXaaaa hava baaa raportod to oidilbit aab-aoraaX 
•acaatio aaaaat (t.S • 9*0 »««•) (45). fhla aabaarMOL 
aafootla anaaat la ««iaralXy aaarlbad to apla-orblt 
ooapliat duo to aotaX • aataX lataraatloa althar diraotXy 
or Tla bridging atoat. Vl(IZ) f«rMs « aultiimttl^Ar 
•onmMTl* eoaplax with thioglyttoUlo aeid (44). How«v«r* 
in solution Ki(ZZ) oeaplox with thioglyool l ie aeid 03diibits 
A •ubnormol aftgaetie aoaont of 2.49 B.ll. involving oonfi-
gurationol oqail ibrio (46). Tho »i(ZX) - thioaol ieyl io 
aeid eoapXax in aolution (46) ( ^ o f f m &•£ B.M.) probably 
involvoa partial oovalant bonding irt&ilo i t s Co(ZZ) eoaploz 
(jloff • £.39 B.M.) haa baon intorpratod in t«ma of 
aiaultanaoua formation of oetaixadral and aquara planar 
apaoiaa (47) . Koaantly* an aq[uilibriim aixtura of high 
and low apin atataa of Go(ZZ) with thiopropionio aeid 
(jUoff • S.OS B.M.) haa alao boon raportod (48). ^iMroapto* 
othylaainaa foraa a trinuolaar eoaplax (49) with Xi(ZZ) 
irihilo B-a«raaptoathylpyridiaia foraa wultinuelear low-apin 
innar eoaplaxaa with Hi(ZZ), M(ZZ) and Pt(ZZ). Buaah (60) 
haa raportod atrong f ia ld pi^duoing low-apin four aoordi* 
natod HidZ) oM^loxas with l-aubatitutad B-aareapto-
othylaaino. Mowovar* Tiwari ol? al* (61) havo raportod 
Ifi(ZZ) ooaplax of di-iaopropylaainoothanathiol Hydroahlorido 
as paraaagnatis {j\»tt m 2.24 B.M.) binualaar naturo of 
tho oo^plox with two niokol atMis arrangod in oatahadral 
and plaa«r onriroaaaat raapaativoly* Zt also raduoos Ctt(ZZ) 
to Ctt(Z), Ft (ZV) to n(ZZ) and Os(VXZZ) to Os(ZV). Iho 
Pt(ZZ) ooaplax has bain raportod aa diaaaffiotis and squsro 
plsasr idiilo Os(ZV) so^pla as paraaagnatis ^ f f s ii^ SO B.M.) 
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•aA oe1iah«dral« niouch ll(IZ) ooapl^x** of thiols mf 
g«ai«r«lly di«wiga«tlo and aoXubl* IA iMm»aiqtt*etts polwr 
«O1TMI%C (0S» 83)» but uowm ar* ptrMumastle maA inaelubla 
lA Most solvMits (64)* I t ! • int«r«stins to not* that 
feoltt«n« S^rdifthlol and m BUiri»«r of divalont tPaaaltioa 
«•%•! ioaa fora ooapXaxaa of tha ganaral feraula M(TDr}e* 
idiara M la ^•» Ck>« 91 or Cu. Tha Co(tDf )£ anion la 
parhapa tha flrat axaaq l^a of a hlgh>^»lii planar ^ aatal 
aoaplax (66) • Tha Co(XZ) and 81(11) oo«plaxaa of thlopoly-
earboxylle aolda hava haan raportad to hava aornal aagnatla 
•omsnta (66->&0). Xha graat majority of Ctt(XX) aoAplaxaa 
ahov ac«^ Mal wtgnatlo awaanta of l»7&«fi,0 B.M, (60) naar tha 
apln only valua of 1.76 B«]l. and Indloatlag tha ahaaneo 
of aagr appraalabXa apln ooupllng batvaan unpalrad alaatrona 
balooglng to dlffwant aeppar atom. Flggla (91) pradlatad 
a sagnatlo sMMamat of A 1*90 B«if. for tatrahadral and 
Z.1.90 B.H. for aquara planar and ootahadral ooppor (ZZ) 
apaoloa* 1lnia» tha mgnatlo auaoaptlbUlty 1« net of MMh 
«•• in daoUlnt on tha ataraoehaalatry of aoppar aoa^loxao. 
SoBO ••ppar (ZZ) oaxboxylatoa (•&• M) and tha ao aallod 
trlaoardlaatad oofpar (ZI) aoaplama (M) «bo« av^aorMl 
magnaUo noffoata. Coppar (ZX) aaatata vlth throa atoao 
oarboxyXoto trldgaa haa a «Mqpiatla awMant of 1«4B B.M* 
fhla plMBOMaaan la aauxad by tha apln-^la lataraatlon 
batvoaa ooppor (ZZ) Ion. Biat» tha anbnornal Hafnotla 
aoMnt i» not fouad in all •artoejqrl iVOHP feri4g«d polymer** 
Oopp«r (ZX) b«agoat« %rlbydra%« for M M p X a , aheva a 
wagnatia aoaaat of 1.87 B.M. in apita of ita linoav 
polyaaria atruatura. Tha availabla data (M*7S) on thaao 
trmaltlon natal oo^plaxaa with varioua aulplittr oontaining 
Uganda la quita datailad wad intaraating* 
A aunray of litaratura indiaataa that a atmaidavahla 
work haa haan publlahad on tranaltlon natal aoaplaxaa of 
aulphur oontaining liganda* dua to intaraating oorralation 
batwoan their oolour and ataraoehwaiatry on ona hand and 
on tha othar thair inoroaaing applioationa in Hadieina 
and indaatry* tha natal aonplaxaa of organia oonipounda 
oontaining aalphur aro of totaraat baoaaao of thair aniianaad 
atabili^ and fornatiMi of bridgad o«aqplaxoa (44* 49*65 }• 
Rittar and Lovar (79) vara fir at to prapara athanadiyli* 
davototrathiotatraaaotia iwid (74-78) and eoadanaation 
prodnota of dialdaliydaa with nareapto-aoida or - aninaa 
havo baan atudiad by Mark If. Jonaa jl jJb. ^^^» 77.8i) to 
ba noad aa anti^ota agonta« 3oaM ainilar typa of ooaponnda 
havo boon praparad and atudiad by J. Podlaha jj| §jj^ 
(7i» ••••») and Tinari si Sikt. <*^* M * <^ «^ ^ > « ^^ **^  
ttiarapotttiaally «ara auparior antarohapatia ahalating 
aganta* «hiah faoilitata tha biliary ratbar than tha rawd 
•aaratioB of toxio hoavy »atala» hava baan aynthaaiaad 
ani prinaiplia iavolvad in thia daaign ara outlinad ani 
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Uviagston* •« a l . «•• AOMMHAAM* (•!• »a). In n«w of 
th« abov* nmllnf•« i t mqr b« vorthiHU* «• ttud; «h« 
••rlout aferuoturid aspaata of abalating a«aiita on 
aoaplaxatloa with toxlo aataXa* Shua* an attaMipfe in tho 
abova itl»oatlon for aaiMciag auah a oorrala«io& batwaan 
•agaatio ami apaetroahaaiaaX bahaviour of aatal aoaq l^axaa 
of aoHM auah aodaX ohaXatltig agaata haa baan mada« aidLab 
augr <ih»>« light on thair aaohaaian of aatioa and aay alao 
opan up auoh poaaibilitiaa for aoma othar organia tliio-
eoHq;»ounda in tha davaXopnant of ahaXata tharapjr and in tha 
aaareh of nav ^aXatlng agant of bigh tharapautia vaXua. 
Thaaa atadiaa nay Xaad aaai-><|tiantitatiTaX7 an nadaratandiag 
in ganaraX of tha foXXoaing aapaatat 
(l) tha donor proparty of auXphur atoa* 
(XX) tha aatura of nataX auXphur Xlnlc* 
(XXZ) tha poaitian of thio aonpounda i s apaatro-
ahoHiaaX aai m^haXauiatia aariaa» and 
oonpoapMBding aariaa of aantraX aataX atanot 
(ZV) tha aoardinatioa iMi*ar* ataraoohoMiatry and 
osidatiott atato of tranaition nataX iona* and 
(V) wMMXa«a nagmatia hahaviour of tranaition 
aMtaX aanpXaxaa* 
Tho praaant vark ai*odiaa tha atiadj of aataX 
•ai^aaxaa of Oo(n)» li(ZZ)« Ott(XX) and cr(ZXZ) with 
»,8^.Thiodipropionia aaid (TDPA) and Oo(ZZ)* li(ZZ)» On(ZX), 
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Qr(xz2)« itidDt y«(xiz), zii(xx), c«(zx}» BI(XI)» n(xv)t 
M(XX) and 0«(VX) ooi9l«x«s with fliiodigiM«liiie Mid (TD8A) 
•ad Oo(XX)* IIKXI)* Ou(XX}» « F 4 4 I ^ , ZII(XX), Od(XI), B8(XX)» 
n(XI)» fd{ll) and Os(VX} eo^;»X«x«s vlti i OXyeoldiMV^ 
oaptoaoatAttt (ODIU)* 
StMi •teruotural f«rmila« of 1>i«a« llgaiidc ar* givaa 
balovi 
(X) 3«Sl.1hlodipropioiil« ««id (TDFA) 
(XX) thlodJlsueelnle eeld (IDSA) 
HOOC.BO. — S - CH.OOCB 
HO0C.B2C ^•OOOB* 
(XXX) (ayoo3.diM»«ap%eae«tftta (ODXA) 
fOOO. OBs - 88 . 
TDPA oontftins %«o earbojqrlla ffroups, and pmm 
aolptior atoa aa daaora and Isanaa aapabla to alTard tba 
aacaapXaa of hoaMwalaar OMitaX-aatal Intaraaiian* Iteaalidl 
at*al# (T01>} dattmina tha atabiXitgr aoaataata of aoaa 
aatal ahalataa with TDPA* TDSA ooatalna ona ttilo •nd 
four atPbo^rXio «Poi4>a aa petantlal doaora and tharafoiPa« 
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»• •uptkhlm of eo^inlng in various poXydontato nodoa. 
A aotowBTttif point horo i«» that maphut i§ not eoor4inato« 
in tlio ooaplosoo aoat probi^ly 4tto to otorio hinAoranoo* 
omaod \ff tbo proaonoo of largo bulky oarboxylio groupinsa 
at oaoh and of tha MoXaoulo* Thia raaulta in foroing oaoh 
oatf of tho Biolaoula to funotioa indopendantly and to ebolata 
diffaront natal at(Maa» 6DMA* on tL« other hand» oontaina 
tao oxygen atona of tha oarboxyl groxipa and two aotivo 
aulpfagrdryl ffpoupu and Uiorafora» ia axpootad to aot at a 
bidantato of « tatradantata ligand. 
In thio-oarboxylio aeida* sulj^ur ia ganarally laaa 
offaotivo than i ta oonganor oxygon in ita ability to 
funotien aa a doncn* to f ir at row notal iona* Matal 
eoaplaxoa of «ono-thioe«rboxylio /\eida {dB, 69» 78* 98*95) 
and dithioearbojorlie aoida (70» 96) havo boon atudiod 
oxtansivoly* whoroaa thiopolyoarboxylia aoida - tho thio 
annloga of OQ«ploxonoa» whioh oontain two or «oro thio 
and oarboxylio groupa aa potontial donera* hawo boon 
auibjaotod to rolativoly l i t t l a atudy. Eooontly aoao auah 
•o^plaxoa hava boon roportod (61» 06« 6V» 78, 81*86 )• 
In tho proaant work an affort haa baan nado to 
iaolata and aharaataviaa tha abovo Montlonad natal 
ooaplasoa of TDPA, TDSA and ODliA. Iho atarooohaiaatry» 
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k«ad tfp« and oxi4«%i«B •%•«• of ••ntrai M«%al«t«M Af 
t«riB«4 ^ « rang* of pharaioal toolmiqiioa ! • • • aagnotio 
WMOBt* diffuao rofloetoaoo ond infrarod apaatral atudlaa* 
Main faafeuroa of thaaa atudiaa ara aa followat 
TDPA foraa hlg^apln oetahadral aMplajwa* IDSA 
forma bSnueXaar eonplaxaa wi^ h tha tranaltlon mitala* fbm 
Co(XX} and 2!ln(IX} eoapXairaa era high-apla ooteahadra^^ 
Cu(XX) foraia diatortad oetahiidraI» vhllo Hi(XX) foraia a 
aquara^pXanar unit eontainad in tiba ssna a»XaouXa aXongvltti 
tha ootahadraX unit* tha ?a(XXX) and Cr(XXX) eoopXaxaa 
ara hi#i*>apin tjrpieaXXy-oaobridgad ootahadraX bavins « 
poXynarla Xlnaar obalna vharaaa* 2n(XI)« Cd(XX)» Bg(ZX) 
eoMpXasaa ara tatrahadvaX having poXynarla atruetura. 
ym ft(ZV) aom X^ax la oatahadral* Pd(XX} eo^pXax la 
^qSMmm^fUnuat and tlM Oa(fX) aoapXax la diatortad eatabadraX 
bavins UBi^tatrnvaXant tgrpa «f aXaatroXyta. ODMA fs»i«a 
tatvabairaX aanplanaa «i«b «i(Z)» fii(Z2)» Od(XX) and 
HsdZI aw« aiiiMPa-pXMMV aanpXaaaa nitb l l ( U ) » Oo(XZ)» 
mu) tmi 9%IU)9 ar(lZZ) ao^ pXan la oatabadraX and 
Oa(VZ) aoi^ax la diatartad aatabadrdX. 
14 
?^ifh|fl^|ry 
Gli«Xft«« of CSrdZX) vlfeh TDPA U binaoXoav in 
natuPA ahowias StSstlltL ttolohioattrir* Co^pUMs of 
OoCXZ), Vi(X2} and Ou(XX) ravaaX liXsflliL atolohloMatrj. 
Zha 0(Nq^ X«x«a of TD9A vlfeli Oo(XX), ll(XX)» Ctt(XX)» Cr(XXX)» 
Ibi(XX), F«(XZX)« Zn(XX}» (M(XX), Bg(ZX}, Pt(X?), M(XX), 
and Oa(VZ) ava of SsittMiL atoiahloMatry• fba ao^pXaxaa 
Co(XX), OP(XXI), ai(XZ), Od(XI)« H8(XZ), mil) and Fd(XX} 
ravaaX XtitsMtL and ttaa Ott(I> abowa 2titi lf it and Oa(VX) 
ahova lieiiMtt atolehl<NBa«py« 
Tha ecaii>Xaxaa of Ou(ZX) and CSr(ZXX) v l ^ TDPA ahov 
anoauaoua aacnaUa hthawlovw aihiXa tha aoaiplaxaa of Go(ZX) 
and Mi(XX) ahov aormaX Matfaatla aommta* fha ooMipXaxaa 
of NKXX), Cu(XXh Or(XXX)» 9m(lll) aad Oa(VX) «i«h TD8A 
ahow aiAnor»aX aMfnafela hahavla<ir« Zn alX thaaa aoapXaxaa 
tha auhnanuiX vaXuaa of MMPM%ia amaaat bava boon ohaarvad* 
Sha ohaarvad aapiatla mamm^ valiia of Mi(ZZ) utm^mm aay 
ha Mq^aiMod oa %ha haata of aquara-yXaaar aad oatahadraX 
uaita aaataiaad &a tha aaaa aoXaaaXa* Xa aaaa of l^ a(ZXX) 
aad Qr(XZX) • aaapXaaaa with ffDdA* tha aagaatla aaaaat 
vaXaaa hava haaa asjpXaiaad aa dwa ta tha pr^ MMO of 
apla>arhit aoupXiat wlthta tho aa^pXas aad ia ^piaaXXy 
of aa osohridfod poXfaar aaataiaiag hgrdroxyX ffpaupa a« 
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bri4f«» b«tMMl MM «•«•! *«<MM. S M 0«(VZ>»7DSA •MpUx, 
v«« totiad to b« di«ittiiM%i«« a i l s aiqr b« •xpl«ln«d «IM 
to tbo possibility of tpla^qpaoiiohiiig bgr notoX-aotoI 
latoraotlon olthM* dirootly or tbroiigh an ojt]rc«B brl4so« 
Xh« oo^pXoxoo of nadl)* Co(II)» M(IZ) sod Pt(ZV)« hooovor, 
glvo aorwa atagnotle MOMat vsluoo* llio Oo(ZZ) and 
Oo(VZ) ooaploxot with ODMA ^ ow sttbaorma aagnotlo moaoBto* 
Xho oovpXoxoi of Cu(X)« 1I1(XX)» n(XX}» M(XX) and GP(ZXX} 
with SOMA* howovar* ahow aoraaX aagnatlo b^avioiir* 
Position of TDPA« TD8A and OPMA in 
ftpaotrpehai^oal apd «fphf|i|mf|j^f j fr i f t 
On tlia basis of availabXa apaetraX data (97*98) 
and tha obaarrad vaXuaa of apXitting sowgy in aaob aaao 
of ootahadraX ooapXaxaa (fabXas^St d« 7« IS) of tliasa 
Xigands tha position of TDPA and TD3A in spaotroahasdeaX 
ssrias faXXs soMsaliaro batvoon BgO and SOS (naav to B^ O) 
and that of ODHA in botvoan Py and im^ aa tivan boXowt 
XLWL oa'^JOi" L dtp L fL HgO -^ IDFA-^ TDSA 
LH^ L gkf L n /.(miiA'-iHj Z-SO^ Z^. log Z-du 
Iho positian of thaaa Xit«Bda in naphaXaiUKotio 
aarios aorraaponda vaXX with tha idaa of tha tandanay to 
Xoaa oXaatroBs and radttoing ahavaatar of CHOMA* Shnot 
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•a t 
^ TDSA-Mies'Z cT/^cirZ.aTZ i"Z- « ^ . 
FREFARATZOll AMD 0RARA0TIKIZA7Z08 OF 9,9*-9HZQDXPB0PZ01IZ0 




Thiedipropioiiie sold (TOPA^ Hg) of 00 • 6 pmf ••!!% 
purity «a» obtftla«d from Bvaas Cheavtifts XTM,, Mmw York 
<ir»3«A.) «sd «•• used without fupthwr purlfloatlmi. OtlMV 
•hMdeala tt««d ««r« of AiioloR or lAioaloally puro grftdo. 
Doublo dlstlXlod wfttor and dlst l l lod oleolMAy • • th« oaM 
aay b«« woo uaod to proparo tho aolutlona* Alvaya fraah 
atandard aolutloaa of ligaad and Botal aalta awra praparad 
vhanovar raqulrad toy dlraat valgjulng. Ooppar altrata 
lo'lfagrdrata aoXutloa waa* howavar* atandardlgad lodoaatrl-
aally (100). 
fha m>lar oonduatanaa at £5^0 of tha o«^»Xaxaa vara 
dataralnad at aenaaatapatlon apia>03dMitaI|r 10* M la dlaatligrl« 
aulphoxlda ualng phlllpa aoaduotlvlty torldga aodol Pit*0500« 
SkM aagaatla auaaaptltollltloa vara aaaaurad bj Oougr aatbod. 
Tha dlaaagnatla aorraatlona voro aalaulatad toy tha aaa of 
Faaaafr*a aoaatanta (101}• 
fha olaamponla dlffaaa roflaatanaa apaatra 
takoa OB a Sola* FMQ^ZX a^^aatrophotoaatar froa tha aaaplo 
dllutod vlth aagaaalva aartooaato and apraad oa a f l l t or 
papar^ Tha Infrarad «>aatra (400 9^^ to 4000 aa ) vara 
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obtftliMd Itt XBr or Vajol MMXI OB a F«vliia-M.B«r aOO«>ap««tr*» 
phot0K«%«r. TlMrMogrftviBoferio analytit ««r« aad« oa StantoB 
Red CPoft thoniftl ttiftiyitr 671to. 
Tha »«ttaedt of th« quantitativ* analytii of diffarant 
Mtals and aulphur In tba ooaplaxaa ara givan in Ohaptar-V. 
Tha aolaaular valghta of tha aoi^Iaxaa vara dataminad 
aryaeopiaalXy. A standard Baakmaan nraagias point apparatua 
aith standard joints aaa l^ aad. 
firaparation of Oiwsplaaas 
Oobalt(II)«»TD?A Qomplmxt A aolution of oobalt 
ahlarida haxaligrdratad (7ft al» 0»£ll) vaa addad to an aquiaolar 
solution of 7DPA (7ft ad) in dist i l lad alaohol. A fa» dropa 
of aonaantratad sodltai hydroxida vara addad and rasolting 
•ixtura vaa rafXuxad tep four lioura* Zt vaa aonaantratad 
to SO ai and aoolad* Ylia addition of oxaoas of aaatoaa 
praaipitatad a light pink solid* vtiiab vaa saparatad* vashsd 
vitb aaatonoi alaohol and athar and driad in Taauaa 
ilasiaaator avar ealaiiBS ahlarida* fha aoaplax so obtaiaad 
vaa fauad to doasa^oaa at fitS^O. I t vas sliflitly aolubla 
ia aovMoa argaaia salvaats md vatav. Aaalysiati 
(oa(Og % 0^ 8)3^ raquirasi Oo* Sft.Oit 0, ftO.ftil H» ft.dfif 
S, ift,ftO){. Foandf Oa, Sft.iOi 0» ftO.ftfti H, ft.Ul S» Ift.ftM* 
19 
»l»li»l ( I I ) . TDFA Oo«Pl«i A frttn wXowd M i U 
•Oi9l«x v«« pr«|ftr«4 Iqr th« SUM pro«cdur« as eobalt (XZ) 
«o«pl«x <l«a«ri1»«4 ftb«v«t a l i a s Bi«k«l •hlorid* h«zahjdi»a%«4. 
Zh« Mi^^lax <l»«e«pot«d at £70^0 and was p v t l a l l j lolttbla la 
aoaaon orgtnia tolvants Vut aolubla l a vatar. Aaalytlst 
[iKqgBgO^S) HgO^ raquiraaf Mi, 69.211 C» e8.49 | H« 5 .98 | 
S» 1&.67)(. TOundl Ml, fiS.fidt C, 28.501 B, 4 .00 | 3, ie.64)(. 
Ooppar ( n ) > ypPA CoupXaxi Goppar altrata 
trltaydratad aolutloa (76 al» O.eil) »aa addad to aa aqiilaolar 
TDFA aolutloa (76 a l ) l a 111 vatar-alcohol alxtvra. Oa 
addlag a fa« drops of ooaoaatratad aodltia tagrdroxlda a sky-
blua praolpltata «aa obtalaad. Xt was dlgastad ovar 
waterbath for f lftawi nlnutas* ooolad» f l l tarad , varinad 
c 
with wat«p» aleohoX aad ath«p aad drlad l a vaeuini daalaator 
oir«r aaXeltai ohXorlda. I t was lasoXubXa la watar aad 
alaohol but aXluhtly aoXubXa l a DII30. Xt daaoi^oaad at 
264^0. AaaXyalat [oa ((3sHe04S)]|2 raqulrasi Ou, 28.401 
0« 80.081 U, 8.87f 8^  18.84JI. Pouadf Oa, 86.48t C, 30.14t 
H» 8.88i 8* 18.SS]!. 
flhrolua (XXX> > fPPA OowXaxt Ofaroiaa ahXorldo 
haxataydrata aolutloa (80 aX* 0.8 m) was addod to aa aqulaoXar 
•aXutloa of tDPA (78 lA) l a aXaohoX. Vho addltloa of fow 
drops of oeaeoatratad sodlua hjdroxldo soXutloa ahaagos tho 
aoXour tW9m grooa to bXuliOi-graaa. tha raauXtlat soXutloa 
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tnui h»(it«d oa vat«rbAth for half «B hour to torm m li||^% 
bluo prooipltato. 2t wm» fehon ooolod, j^iltorodv v*shod 
with wotoTf aloohol and othw and drlad in •aomua daalooator 
ovor oaloiua ohlorlda* I t daocaipoaod at UTB^C* 1% vaa 
alaoat Inaolubla In vatar and ocorson orgaalo aolvanta* 
Analyalai \GP2 (O^BgO^S) Jraquiraat Or, l«.46t G, 94«17| 
B, 3 .78 | S, li,lB%, Pound! Cr, 16.60| Q« 34.601 B, 3.641 
a, i6 . i6){ . 
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Ih* ftbov« r«port«d d0«oaposition tMip«rfttur«B idileh 
rang* t>*t«Mn £60 0. ihov that th« ooaplaje«« «•• tli«nMlXy 
quit* atabla. 'Zh* obMPvad Molar oondu9t«xie« valuaa in 
dlnathjrl aulphoxida* Tabla^i^ vfaleh l i a batwaan C.OS and 
9* 10 obn '' o» aola * obviouaXy Indleata tha non* 
alaetrolytlo natura of thaaa eoaplaxaa* Tha aagnatlo 
BKmant valuaa for thaa« ooaq l^axaa ara aXao raportad la 
fabia»X« 
Cqbalt (II) -^ TDPA Coaplaxi Cobalt h«a an alaetron 
eonfiguratlon 5d 4S and thua tha fraa oobaltotta Ion 
would httva 5d' affaotiva alaetron eonfiguratlon* The 
Co (XI) ion aan« therefore* aaauae oetahadral» tetrahedral* 
aqpaareplanar or tetragonal 8tareooheada1a*y depending upon 
the atrength of lignnd field* Ihe higfhoBpin ootahedral 
oovplexea of Co (ZI) are ksoen to have effeetive luignetle 
laoneate ranging froa 4*90 to ».«0 B.M. (5B) involving varj 
high orbital eentribution. Ihe apin->ealf aeaeat for three 
llm»aired eleetrona la only S.tt B.K. and the high*8pia 
tetrehedrel ee^^xea (88) heve »agnetie «oaenta eenaidar* 
ably in exeeaa of the apin-enly value* na«ely in the range 
4.80 to 4«90 B.H. (M). the aagaetio wmant valuea for 
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li« in %h» r«ig« of t«tp«li««r«I •oapl^zas l.«., 4«C0 «• 
4«ao B»a. (108) • On %fa« othwr hand, all tli« •qvMf^pltauif 
and th« strongly totragonal anoa ara of tha low.apla typa 
having ona unpairad alaatron. Bovavar, thara la a rmrj 
larga orbital aontribution to tha »agnatia aonant ao that 
tha affaetiTa aoaanta for thaaa aoaplazaa ganaraily lia 
in tha ranga 2«£0 to £.00 B,». (68). Again, it ia wall 
known that aix^coordinatad lo«-apin aoaple xas axhibit 
•agnatie aoaant only alii^tly hlghar than tha apia»only 
vaXna via. i,90 to £.00 B.M. (103). Our obaarvad aagnatla 
Bcmant Talua 4.92 B.M, fbr Oo (ZX) - 9DPA Com^Xax, Tabla-1« 
ia within tha uattal rsuKa of raportad data for higb*»apin 
oatahadral aoaplazaa* olaarly Indioataa the ootahodral 
natura of ^ a ao^plax* 
Iha alaatronio ipaatra of Co (II) • tDFk aoaplax 
aa raaordad in Pig.»l and TabXa«fi* aonaiata of two aaln 
banda at 7.58 Mi and 19*60 Mk with a ahonXdar at 16.8» Ml^ . 
Although tha eonplax haa D^h ayanatry* tha obaarwad apaatra 
aan ba intarpratad in taraa of «atal ion aurromdad by a 
waak Xigand fiaXd of oatahadral idaroayaaatry* Iha Oa (IZ) 
ion haa tha 4, (t|^ a^) ground atata with tha axaitad atata 
4P lying IftB hightr in aaargy. Xa a anbia aryataX fiaXd* 
thaaa lavaXa wiXX aplit into 4 T ^ (F), *t^ (F), \ ^ (F) 
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oo««li«di>«l. Ge(II) teaplM*!* thr«« •pln-aXXovcd toaatfa ar* 
•MP99t9A •orrttspoading to th* translticmt. ^f^^ <F) — ^ 
•tg^ tF) ( ^ ) , *Tj^ (F) --> *Agg (F) (^) and •x^^ (F)^^Ti^(F] 
(^^%«««t ar* tf«rlT«d frea t|. ag^ and t| «g^ •onfigur«%loas 
r«ap«oUT«lj, th« trantitlon *Tjg (F) — ^ ^Ag (F) (^) li 
• two •l««tPoa prooaas and will ba auah waakar than tha othar 
tranaitloaa* fha Qbaarvad lowaat anargy band at 7*52 kE 
ean« tharafora* ba aaalgnad aa ( •^1) and tha atrong band at 
10.60 kK aa (^8) t»ran«iti<m« 7o raaolva tha problaa of 
aaaignaaat of tha ahouldar at 16.£i6 kR tha ligand fiald 
paraaatara wara aalaulatad by tha uaa of tha following aaai* 
aapirioal aquationa (104) that yiald tha valuaa of tha 
-1 paranetara Dq and B aaaurataly loaa than 6 aa • 
(I) Dq . ^1 - ^ >^ .J 
8.74*0.a (Oq/s- 1) 
(XI) iSB a i3g - fi l>i • 10 Dq • S 
itiara. Dq' . ^X ' n • 1,19 ^ g -> j^j . 
9*80 Ig 
/ a 
and o m Qilf I i 
To aolYa thaaa aquatiana for Dq and B, asq^ariaaatal 
wAiiaaa of 0\) and (X^), aa aaalgnad abowa hava baan uaad. 
Tha poaition of ( ^ ) traaaitloa haa baan aalatalatad uaing tha 
ra la t ion^S a D^ • 10 Dq (104). Tha aalaulatad valua of 
( ^ ) 16.BB kK, agraa wall with tha abaarwad valua of IB .SB kft 
for tho ahouldar* 
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LttT«r (100) hftt aucg^tt^d that th9 aheuXiMP mk 
th« iNPlnoipal band in an oatahadral Co ( U ) ao^plax 1ft 
airdar to aaaign to (Hi) tranaltloa* auat havo an oaavfy 
approodaatolf twloa but not gfftw tlian 2.20 tia^a that 
o f ^ traniltlon. Ihla la atrletly trua for a ragular 
oatahodi^al Molaoula and wall avbatantlatad by our oalaulatod 
valua of t . ld fbr 2dL. ahlali la la acraooMat with othar 
ooaplazaa of ootahadral aTmtatry (104}. rho vaXua of 
p« 0*901« Indloataa a low dagraa of eowalanoy. fliua* 
aagnatle and apaotral data auggaat ootahadral ayanatry of 
fiMi ooaplox* Blnoo llgand haa only f Iwa dtmeo* atena* tho 
alacth ooordlaatlon alta ahould ba ooavlatod bf aharlag a 
non*bondad oxygon aton wll^ nali^bourlag aolaoulo f<Mnalag 
a dlauNT aa aviggaatad IVom molaeular walght datarmlnatloB 
(oxparlMBtal 1 • 46S). 
ffliylffi iUl - TOFA f«wp^fi« «»• W (II) Ion haa 
an offoatlwo oloatren oonflgupratlon M* and oxhlblta a 
•agnotla aaaumt walua highar than o«paatad far two wipalrod 
olaatrona in ootahadral and tatrahadral aaaploxoa dao to 
orbital aontoPlbutlona wharo aa Ita aqitaro*plaaar aoavXaxat 
ara dlanagnatla. Tho affoatlva nagnotlo aonant waluoa 
raportod for hlgh-apln ootahadral Ml (II) aoMploxoa rango 
trm S.SO to 3*40 (65) «id totrahadral onaa batvoon 9.«0 
to 4.00 B.V. (68) dopandlng upon tho nagnltuda of orbital 
oontrlbaUon. Iho nagnotlo nonont S.ST B,ll. ebaarwod In 
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«h» prmBwat •mm; T«U.«-1» l i « wmiXl in th« «bov« a«iti«ii«A 
vmngm of kaovn ootah«dral oMipl«x«t, ol^arly Indioat** tlM 
ootfthMbrd natur* of tha ooai^lcx* 
l^ or flueh a oaaplmx in oetahadral mjtmmtpj thtmm 
bands are axpaetad in tha •lactrwt.le apaatrtm attributad 
to tha tranaitiona »Agg (P) —» ®Tgg <F) ( ^ ) , *Agg (F) —» 
\ « (F") C^) md *Aeg (P) - ^ \ ^ (P) ( i^) . Tha 
alaotronlo ipaetrum of Hi (ZX) • TDPA aoMplax* Fig.«i« 
Tabla«S« ahows thraa apin-allowad tranaitiona at 7.60 ld(» 
(1^)» 14.ES ¥k (^) and £3.9e Kk, ( ^ ) . fhaaa banda ara 
vmry aaoh ainiXar to thoaa of the niekal aquata ^i(HgO)6} , 
(i06), vhioh ahow transitions at 8.60 K)t* (l{), i5.60 Kit« 
(^} snd liS.ao lU^ y 0^)$ auggaating tha eoapXaz to ba of 
Dl|h mywmmtrj, Tha obaarvad alaetronio apaotra in tha 
ranga 6.0 i^ to 30.00 Kk oan wall ba intarpratad in taraa 
of natal ion aurroundad by vaak ligaad fiaid of sdaro* 
ayaaatry. 2ha Xigand fiald m;>iitting anargy* iO Oq* ia 
takan aqnal to tha anargy of f ir at tranaition C^ j^ ) and 
tha Baaah parattatar« B, waa oaloulatad froa <^)» (^) a»« 
(Ij) band anargiaa uaing tha diagoaaX a\m rulai 
i» B a ^ • ^ S * 9 l \ (107). Tha diatortad ootahadraX 
atruativa of tha aoivlax waa again aonfiraad bgr aoapariag 
tha aaparatiea (XOba) of (^) and ( ^ ) banda* 9.«7 i^, with 
thoaa aalauXatad vaXua (Xaal.) of, l l .SS id^ on tha baaia 
of raguXav oatahadral aymatry (108). Furthav, for 
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significantly graatar than tha uaual ranga tor oatahadral 
aeaplaxaa and aoMatinaa graatar tihan tha thaoratiaal l imit 
of 1.80 for oatahadral aynnatry AM intaraatian (108) 
batvam higb-apin '^^(r ) and ^Ix^ilf) ttataa gradually 
lovar tha ratio "^g fron tha thaoratiaal valua of 1.80 
to Oa. 1.80 to 1.70 and tha valnaa of about 1.80 to 1.70 
ara ooanon for l i (ZZ) ao^plaxaa of oatahadral ayiBBatrjr. 
In tha praaant aaaa, tha ^^ | . ratio of 1.80 ia aonaidarahly 
graatar than tha uaaally aaoaptad valuaa for oatahadral 
Vi (ZZ) oiaplax* oloarly indieataa diatortad ootahadral 
natura of tha aoaplax. 
A valua of p, 0.995* Indlaataa low dogr«« of 
eovalanej. Thua i t am ba aonaludad that l i (ZZ) eam>lax 
ia hii^apitt oatahadral in which aaah niakal aten ia 
aooA'dinatad by two bondad oagrgan ataaia* two nmiobondod 
oxygon atoaw^ona aulphur atwa and ono watar acAaaula. Tha 
ooordination through watar aoloaula ia aapportad by 
tiiaraagrawinatgria analyaia in which t.iOjt A—r9tL»0 in 
woi^t oacura at 184*0 aorrccponding to ona watar aalaanla 
(calaulatad f •!%%), Thia wna furthar aupportod by 
infrasbd apaatral atndica* 
tu,m^ <I1) > tP»4 Oo-laxt Coppar haa an alaatron 
ccnfiguratiott U^ %^ and* thcrcfara* tha tr— Ou (ZZ) ica 
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«o«14 havtt th* •fTMUv* •iMtroa •oaflcur«%ioa 84*, cro«B« 
%«r>i Bg« «h« spin-oaly aagaotU aos«at ynlvm for tho 
Ott (ZI) ! • i.TS B.S. A groat aajorltsy of Cu (XZ) oo^ploxot 
•how aomol aogaotio Moaoat of 1.75 to 8.SO B.M. (60) 
Indioatiag tho obooaoo of oaor ^prooioblo aplaooouplias 
botvooa uapoirod oloetroao boXoaglag to difforoat ooppor 
otoas. Piggio ( t l ) hao prodlotod tho voluo of mgaotio 
»oaont«2^ i.tO B,ll« for totrohotfrol sad Z. 1.90 B.K, for 
•(|tt«ro-pX«iar onA ootohotlraL Ou (ZZ) apooloo. Hooovor* i t 
i s diffieult to uso aogaotle aoaoat for struoturaX dotor-
aiaatioa of ooppar aoapXaxaa baaauso tha pradlatad diffMraaa 
batvaim Taluas for oatahadraZ and tatrahadraZ ooi^Zaxaa 
«ra aaall* On tha othtr haad a auabar of Ctt (ZZ) ocH^Ioxoa 
ha^a baaa raportod to dhtow a aulmoranl aagmatio aoaimt 
Z.1.78 B.lf. Bono Oo (ZZ) aarbosqrZataa («8, 63) aad tha 
ao-oalXad triaoordlaatad (64) On (IZ) aoapXaxaa baXoag to 
thia oatofary. Parthtraara Cta (ZZ) aootata aoataiaias 
ttaroo ateaa brldgoa of aarboaqrXlo gro^p haa a aagaatla 
•aatat of 1.4B B.ii« duo to tlio api»»apla tataraatioa 
batvooa On (ZZ) loaa. •avovar, tha wibMHnaaX aagnatia 
aaaaat la aot obaarvad ia aXX oarboxyl «M«p brldgod 
pOXyaara, Oa (ZZ)-baaaoata trihar«voto» «ar oxa^^Xo, 
*o«a a aagaatia aoaaat of X.Bt B.B. ia apito of i t s 
Xiaoar poXyawio atruatura (lOB). tha ohaarvod aagiMtia 
aoMaat of i .Bi B.M,, TibXa-X* of Oa (ZZ) • fDPA ooapXox 
ia aubnaraaX and atiggoata tpia-opia ooapXiag botvooa 
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uiiptir«d •iMtront of B«l|^bouriiig oopptr «toB«, 
Th9 AlMtreBle speetra of Gu (XZ) - TDPA oonplox 
mm roeordod in Pig**! and Tabl*ofi» eontlota of t«e 
transition bands at i4«70 kit and £6.Si 1((K* 9io aXoatronia 
«>aotra of ootahadrally eoordinatad Oa (ZZ) • ooaplaxas 
axhibit noraaZIy ono absorption band dua to tha transition 
^Sg —^ ^fg • ^1^- otata i s highly susaaptibla to 
Jshn-tallM* distortion* tharafora* no Ca (XX) acMplaac 
oottZd hava a ragular ootahadral synaatry* Tha diatortion 
eausas broadaning or •^•n splitting of tha aforasaid 
absorption band. <Xha obsarvad bands at 14*70 Kl( and 26.51 
l^» sataa to axoluda tha squsra-plantt* fom as tha squsro* 
planar Cu (XZ) eoiq^laxas ganarally show tio bai»ls of naarly 
aqual intanaity oorraaponding to tha trsnaitiona B^^ —•> 
^A. and B^^  —^ ^s.« lika tha raportad 16.00 k<K and Ig ig ^ ^ "• 
18.00 Kit banda for squMPo planar bia (aeatylaaat<mata) 
On (XZ) oosii^ax (li0*il&). Th«pafora« i t aan ba oonelndad 
that tha Ou (ZZ) • tD?A aaaplax ia of distortad ootahadral 
atruotura. 8Miaa* tha band at 14.70 lAkf haa baan idantiilsd 
to tha tranaitioB ' l ^ —^ 'T^^ and tha band at £6.61 Kit, 
aa ahsrgoo^ansfsr band of Ou (XI) ootahadral a^siplax. 
Thna* in On (XX) oatahadral aoapl^x* natal ion i s panta* 
aoordinatad bf tho ligand and tha rsMaining sixth oeordi-
natioB position will ba eeoupiad by Cu-Ou bond fsmiag a 
diaar* Vhia i s stipportad by nagnatia* I.B.* aloatronia 
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<liffit«« r«flMt«a(i« •p*«tr«l Amttk and aolccular ««ig|it 
d«««niiii«tioa (lxp«riM«ii«al II • 4Sa)« 
fltaroaiiMi (111) > TPPA OcwUnt Or (XII) i«B with 
•iMtronlo oonf ig^ft«ioa 4^ la •xpaotad to iri»ow a 9«r*-
•agnatisa eorpaapondlng to tliraa unpairad aplna la 
otttahadral navirmiaoat* Moit of tha oatabadral Or (IXI) 
ooapXaxaa itutm aagaatlo aoaant iraXuaa (XX8* 114) irmiPf 
aXoaa to apln-oaly vaXua of 9.88 B«ti* Howavm*, aoaa of thm 
polyaualaar bPldgad eoi^laxaa (lift* 119) of Or (XIX) bava 
baon found to glvateagnatle aoaent Taluaa lo«arxapla*oaX7 
viUluaa* poaalbljr dua to Intraaolaoular antlfarroaagnatlaa* 
Tha obaarvad aagaatla aoaant vaXua S«S9 B*M. la 
aoaaldarabXy Xo«ar than apln^onXj vaXua of JI.M B«ii, and 
auggaata aatlfarroaagnatlaa bataaan nalgbbourlag obroalua 
atoaa« Bo«avar» It la aet oanfIraad by aagaatlo aoaaat 
aaaavraamta at dlffaraat taaparaturaa* aa faalXltlaa far 
aagaatla data at dlffaraat taaparaturaa ara aot aTalXabXa. 
Xf It la trua tbaa/Uaff aaat ba taap«>atara d^aadaat. 
Tba alaatroala-dlffaaa rafXaetaaoa apaatra of 
Qp(XZX)->91>PA aoaipXax aa raaoPdad la Plg—>1 aad YabXa«t» 
aoaalate of ««• atrong baada at 17.4C kl and 84.S2 lA, 
aorraapoadiag to tha traaaltloaa ^Afg(lP) —^ *8g^') * ° ' 
*A|I^ (V) ->^ T|^ <F) la aaaordaaaa to kaoaa ootahadral 
•oai^ Xaxoa ( l lY. l l f )• tlma* aagaatla data aad dlffuao 
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r«fl«e%aao« «p«a«F«l data oontttm th* highflM spin ovtalittfral 
ii«tur« of Or (111) eoapltx in «lil«h aalghbourliig Boleettlos 
ia««rftet vi%h •Mh othar tfj a ««ale «•%•! • M«tal lnt«r-
•etioB foralng a polyaArle •truotur*. 
iW*'TH to—tr«t The Z.B* spaetrai of ligudA and 
••Ital eoMploxoa wiro roeordod in Kujel Mill botwoon 
4000-SOO on and ai*a ataomi in Fig.^fi to 6. 2h« important 
bands and tbair tantativa aaaignnanta* Tablo^S* w^f 
obtained with rafaranoa to tha spaotpa of tha othar 
oarboxjlata aoiiplaxas aa wall aa thoaa of thio and naino 
aoid eoMplaaiaa (61.67, T7-87* iCO-ileg). Tha C*S atratohing 
band in tha ligand shifted to lower fTequeney in the 
ooaplexes with respeet to the free ligand indiaating 
oeordination through snlphur* The anti-synaetria Goo* 
atratohing frequeney of these eoaq>lexes shifted to lover 
-1 frequeney in the region iB46*lseo •m and diaappearanee 
of ^((ffl) vibrations* indieate oeordination through both 
bonded and non-bonded oxygen atoas of the earboxyl grev9«* 
These values eorrespond to glyeinate and othar anino aeid 
eenplexea. The observed nagnetie and apeetral data of 
these eos^lexes* therefore* indieates that Oo(ZZ) and 
Qr(ZXI) ooaplexes are oetahedral and Ou(ZI) md li(XZ) 
fern distorted oetshedral eoMplexos. Thus the ligand 
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•ix noabflrtd ring with th» amtml ion» • • th« iiaii»^iid«« 
oaiygaii «%»»• trs »ii^ pXi«d froa nslghliourlsis aol»ettX», 
ConoXttalan 
3,S^.1hioaipropioiii« Mid (TDPA-Bg) SCOH^ .CIigCOCHDg 
fans ttabltt i t i ooIoup»4 ooBpX«x«« with Go(XZ), li(XX)* 
Ou(XZ) BnA 2tS ooXour«d oonpXvx with Cr(XZZ} (ii^i^} And tlMir 
stmieturts huw !»«•» oh«rMt«rix«4 on th« basia of 
•XoaontaX anaXytia* aag^atio naaiaraaMnta» infrarad and 
aXaetronie apaetraX atudlaa. Zt vaa found that aXX thaaa 
eofl[S>Xaxaa ai*a high-gpin oetidiadraX. Oo(XZ) and Hi (ZI) 
aoMpXaxaa ahov nor«aX aagnatie aoaanta hut Cu(ZZ) and 
Or(ZZZ) aQ p^X*xaa axhibit anoaaXoua aagnatio bahaviour* 
fiiBPiUtAVXOB mD camkGTmizATKm OF THIODISUCOXBIC 
AOXD C01IPLKXE3 ^XtU COBALT (XI}» UlCKhL ill), OOPFIR 
ill), OHHOMXUII (XXX)» MANOAMli^ aS (ZX)» XliOH (IXX) , 
ZJSO ill), CAP»IUM (XX), MHHOURY (XX), PLATXSUM (XV), 
FALLABXUM (XX} AMD OSMIUM (VX). 
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Thlodiauettlnltt Mid (TDSA) of 99 .B^ puritjTt Sv«iia 
Oh«mitios» Xno.» llttv York (U.S.A.) was us«4 • • wtth •itlkoti% 
furthtr puriri««tlon. All otls«r oh«idLe«l« used ««r« •t 
AaaXaB or ohoaieolly puro grado. Doublo ditt l l lod votor 
and dlstl l lod othftnoX voro aood «• aolvMito In proparlng 
•oXutiono or n«t«l salts or Xlgands* Alw^rs frosh solutions 
of ligand and motal salts »sro priq»arod lAionovor roquirod 
by diraot voifl^ing. For dotails of tho natlMds and jAqraioal 
aMasurowants ploaso soa in GSsaptwvXX. C^MBO ot tha X*B. 
spaotra vora roaordad on a 5P i£00 XnjTrarad speatrophoto* 
«atar with HuJoX MuXl or KBr diao. 
fraoaration of Cosplaxaft 
gg^gi iUl " TP4A ff9^l^flt« An aquaous soluUon of 
aobaltous elilorida haxahiydrata (O.i M, 100 a l ) was sddad 
to Ml aquiaolar solution of fPSA (00 a l ) in I t i watar« 
athaiwl aixtura. On tha addition of faw drops of 
ooaasntratod llaON» a rad eoleur appaarad at pB &••• fha 
rasnlting aixtura waa rafluxad for two boura and than 
aonoantratad en ataanbath* whan a dark rad praaipitato 
saparatas out aftsr adding ^xcmwm of aoatona. fhia was 
driad owar aalaiun ahlerido in a •aewiM dasiaaator. Xt 
was insolubla in oawwn organia solvants but partially 
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•oluU« in vftt«r* Ti^ tMwpXmx «> •bt«aii«4 wmu twmi to 
AnaXyslst [oo2(O^II^0^8)»eH2oJ r«quir«a« Oo, £4«iSt 0, i 9 . « 7 | 
R» 3 .68 | 8» 6«56J(. POimdi Oo» et.OOt C» SO.Oet Hf 3 .8 l t 
S, e.54^. 
Ml«to;i ( I I ) - TPSA CO»PX«XI A gr««n »oXid eoaplox 
was prupavwi by th« ««•• proe«<lta>« as abova ttalag nieical 
ohlorida haxahydrata aa mataX aaXt soXutlon* 1% vaa 
inaoXubXa In ooasKni org&nie aoXvanta but partlaXXy aoXubXa 
in wator* I t «aa found to daooiQpoaa at k60**0« 
AnaXyaiai rili{f(Cg%QeS)« 6%0^ raquiraa, Ki* £4«i9f 
0, 10.68; n, 5.08t 3 , 6.563C. Founds Hi» 2 4 . i 0 | C, £0.00| 
fi» 3«74t 3« 6.40^. 
Ooppar (II) * yP8A CowpXaxt An aquaoua aoXution 
of ooppar auXphata pantahordrato (O.S n, 100 aX) «aa ad4o4 
to an aq[uiaoXar TDSA aoXution in othanoX (60 MX)* A fov 
drcq^ a of oona«ntratad RaOH aoXution «aa tbMi addod to 
adjuat tha p8 around 8» and tha roauXting nixtura **• 
haatod on ataanbath for about half an hour* aiion a bXuitfi« 
craon praeipitato was obtainad. Iha aontonta vara aooXod* 
fiXtorad* va^od v i th «at«rt otbanoX* aeatona and driod 
ovar oaXoiun aldorido in a vaouan doaiooator* I t was 
inaoXubXo in aowion organio aoXvonta but partiaXXy aoXubXo 
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Xn tnitar* 1% w«» feunA to 4««o^p««« m% £80*0• 
C, SO.Ml B» S.Mi 3* e.94j(. Foundt Cu, k7.46| C« &0.90| 
Ohroluai (XII) » YDSA Oowplmt Clirottlo ottlorldo 
hoxaligrdrttto •olution (0«X ii» 60 al) ««• «dd«d tio an oquisolftir 
•oXutioa of TD3A (60 «l} in othanoX. Tho addition of a 
row drops of JHwJM solution ohangas tba oolonr* fttMa groon 
to bluisb-groon. Tho roaulting adxturo vaa hoatod at 
eo^C - on wator bath for an hour* A groaniah*blaoli 
praoipitata ao obtainad «aa oooXad» filtarad* vaabad with 
vatar* a^anoX and f inaXXj with aeatons and than driad 
oirsr aaXaliu otaXorlda in vaemni daalaaator* I t vaa 
inaoXttbXa in vatar aa aaXX aa in coanon organlo aoXvMita* 
It vaa found to daaoapoaa at 980^C. 
AaaXyaiai rcrs(<%l%%S) (Ofi)|n» SB^ O raqniraa* Cr» 20.6i | 
C» 19.e«t fi* 4.011 % 6.48)(. Cr, fi0«86| C» iO.CSl B, S.tOf 
&t eUO)!. 
Urn (II> " V>^ 09^fit» An a<|iiootta aoXutioa of 
Zina aaatato dilqrdrato (0.8 w, 100 «X) vaa addod to aa 
o«iiaoX«p aoXtttion of T08A (60 «X) in I t l vatav»othaaol 
•ixturo* I t vaa aonaantratad on ata«a*bath and aooXod. 
A «hito aoXid vaa praaipltatad aftar adding oxeoaa of 
'NMthanol, vhiah vaa fiXtarad, vaahod vith vat«p, othanoX 
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maA 4ri«d in vMUiai ovar c i ls l iM «ia«rld«« X% »•• Intoiubl* 
l a vfttsr Aotf ooaaott orsaalo s9lv«n««« I t «a« fouzid %• 
d«0oapos« aft £40^C* 
%ialy«iat [zQeCQaH^OgS)! » H^ O r«qttlr««» Zn* 9S«89| 
0, e4«46t H« 1«9S| a* B»t5%, rounds Za^  33.40t C» 24.541 
Ht i .46t S, d*£e^. 
0«dMlu« ( H ) » TD34 COBIPXW }^ An aqu«oa« solution 
of omdiaium aeotato aitqrdroto (O.S ll« 100 ail} ««• oddod to 
an oqttlnolar aolutlon of TDSA (60 B I ) in athaaol. fhm 
oontants vara oonoentratad to £0 «1 on ataaio-bath. 1!ba 
addition of axeoaa of aootone praoiplt&ted a vhita aolld* 
ahioh waa filtarad» waahad vitb athanol» and MOtono and 
driod in -faotnua ovar oaloiun oblorlda* I t vaa inaolublo 
la vatar aa vai l aa in aoanon organle aolvonta* I t waa 
found to doooapoaa at fifiO^C, 
Anolyaiai [j3d£(%%0«S)^, E8e0 ra(|uiroa, Cd, 4« . i t f 
C, 18.a6| B» l * 9 i | S, ••579(« Found! Gd* 4e .24 | 0, 17.94$ 
B, 8.071 S* •.ftfi^E. 
IterauCT ( I I ) > rosA ca«pla«i Aa a<|ttooua aolution 
of MaraiaMa aaatata (0.& iA» 100 «1) vaa addod to aa 
aqulnolar aolutlon of TDSd (60 a l ) in I t l ««tar*othaaol 
Mixturo. Altar tiMrouih aixlng a whito praalpitata vaa 
ebtainad* ahiab vaa aXlovad to atand for a fav hour a. I t 
vaa f l l tarod* vaahad v i th vatar and othaaol and driad i a 
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in vmfetr a« ««X1 «• in ooaaoa orgmle solvMit** It «•• 
tmmd %o deoMipoB* at 178**C. 
Analyalsi [B%(<^^0Q3)~J» CBgO raqfairaa* Hf« 67.901 
C, 1S.76I H» 1.45; »» 4.695K* Founds Bq, 56.9«} C, 13.80| 
eoiq»l«x v«fl praparaa by tli« SMM prtvfAurm • • Cobalt (XI) 
ooapXax dasoribad abova* ualae nanganoua cbXorlda 
tetrahjfdrata. Xta aoXubiXity ««§ aialXar to that of 
tha CobaXt (XI) coa^Xax* ^ o OfN^ pXax daooa|»oaad at £00^0. 
^ a^aXyalat ning(Q8%%3)* 4i%o] raquiraa* Jin* :«:4.7&| 
0, ei.eai a, s.i&t s* f,eo%, Pounii ibi* k4.8ei o« ei.84t 
a, 3«4t| S. 7.98fK. 
l>oii <IIX) , tPSA CoMDlaxi An aqwoua aoXatioa ot 
r«nPlo obXorida (0.1 M» 80 liX) vaa addad to an aqulaeXar 
aaXtttlon of TD8A (80 tfl) in athaaoX and rafluxad on 
atoaa-bath for about four boura* Iba ooatanta vara aXXovad 
to atwBd ovaraigbt* ii*iaa a roddiA-brovn aoXid aonpXax 
aaparataa out. Xt vaa fiXtirad, vaabad with vattr» atban^X 
and finaXXx oi tb aaatona and driad in vaauo ovtr aaXaiua 
obXorida. Xt «aa Yary aXii^tXy aoXubXa in «at«v but 
inaolubXa in aoMBoa orcaaie aoXvanta* Xt daaoapoaod aft 
840*C. 
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0, £3*471 H, CTSi B, 7»S0^. FmmAi V, 86.£0| C» S9.»8| 
H* e.TOl 3» 7*28)(. 
yXafclMW (ly^ * YD3A Gomlftj^ t An aqUMus SOIUUMI 
of 9X«tlnii« (IV) ohIorld« (0«& «» 6*0 MI) vat addad to aa 
aqulaolar aolufeioii of tmA (30 «1) in aquaout jiliaaa. A 
gra^rlah oolour diavalopad at pH«>S« Iha raaaltlng aixtura 
•ma 09iieantratad and oryatalllsad* ilia ^rfjriah oryatala 
ao obtalnad, wara vathad «ith watar* athanol and aaatona* 
:riald ^b%. 1% waa aXi8ht.l7 aolabla in watar aa «alX aa 
in ommon organio aolvwita* I t waa found to daeonq o^aa at 
86ft*»C. 
^naXyaiai ^tB(%%%a) <n.^ ra<|utPaa* Pt, dfi.iil 
C, i2 .03 | H, 0.331 3» d.SOje. Founds Ft, de.fifif C, i£ .83 | 
B, 0.75I Z, 4.30^* 
PaXXadiua (Hi * TD3A CowpXa»t An aquooua aoXutioa 
of PaXUdiun (IX) ahXorida (O.S M» 30 nX) vaa addad to aa 
a<iuiaoXar aoXution of TD9A (40 ml) in i t i vatar*at)ianeX 
aixtura. fha pR waa adjuatad around S-iO. tha vaatating 
mixtura vaa haatad on ataa»-batb for about too iMura and 
eonoantratad to 80 nX ahan aoeXad asMaaa of aootoMO 
praoipitatad a dark raddiab-broan ooapXox of oily naturo. 
I t waa vaahod with watar and driad at 80*0, YiaXdi n%. 
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I t was insoXubl* in «»t«r Inife p a r t i i l l y aoXubX* in OMMMI 
organie •olvontc. I t ««• Toimd to dMo^poto at ISft^O. 
i^nalysist [jMsiG^BfO^S)^» R^ O r«qpair«t* Pd* 49.19f 
C, i9.4Bt a» 1.681 3 , 6,4B%. Foundt Fd, 4fi.3e| G* ei .4ft | 
H, 1.6St S» 6.89$. 
Oalnima (VI) •» YDS4 Coaploxt This eo«g?lex vat 
ototftinod AS tt broin»i0l>«l»laok solid tiy the saaio prooddar* 
sa that of plfttinoa (17) eonplesc dosoribed abovo using 
osnie acid solution as th« starting mat«piaX at pK 10* 
I t s so lubi l i ty «as» Diore or Issat similar to that of 
platinum (IV) eoiqjlsx* I t was f<mnd to dseoaiposs at 
1«0«C. 
'Analysiss Hek^ \ (0s02)2 (Cgl^OgS) {Wi)^ | $ 6HgO rsquirss* 
G, i3.fl&; n» 0.8Sl(. Founds a, 13.801 ll» 0*68^. 
(L«ok of a suitabls msthod for osxaiua analysis in tbs 
eonplexed s ta t s provsnta tho motsl s s t iaa t ion) . 
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QM mbow r«port«d <l««oapo«lti<Mi t«ap«ra«iir«« 
•hioh rails* tram 140 to seo^C* show that tiM 0o^pl«x«s 
•r« «h«rMa.ly qult« statol*. fli» o1»a«rf»6 mailw QoeAwtm 
tmnom value* la diaathyXaoXphoxida^ TabXa*«» obviouaXy 
indieate tha iion«>alae«roXytle natura of tbaaa eoppXaxaa 
•xaapt Oa(VZ) aam>lax» afatab ia tml^tatravaXa&t typa of 
aXaotroXyfeio. Tha magnatla •OMaot vaXuaa for tbaaa 
ocNipXaxaa ara aXao vaportad ia TabXe-dcmclS' 
(^obalt (II) » TD84 OcaPXaxi OobaXt baa an aXaotro* 
Rio eonfiguratioa 9d^ taoA tbua the tr9% oobaXtoua ion 
aouXd bava 8d affaotiva aXaatron ocmfigurati<m« Iba 
Co(IZ) ion aan* thtrafora« aaauaa ootab«draX» tatrabadratX* 
•quara*pXanar or tatragonaX ataraoebaaiatry dapanding 
upon tba Xigaad fiaXd atrangtb. fba bigb apia oatabadraX 
aoapXaxaa of OobaXt (IX) ara kaoaa to bava affaativa 
aagaatia aoatnta rangiat froa 4.30 to d.fiO B.M. (1X4) 
iaiaXviag v«7 big^ arbitaX aoatribatioa* idiiXa tba 
ipia-miXy aoaaat for tbraa uapairad aXaatroaa ia onXy 
8.M B«M. Qm obatrvad aagnatia asaaat vaXtta of 4.77 B.M. 
par Co(XZ) ioB ia Co(II)«*fDSA oaapXax (TabXa-4)* Xia vaXX 
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fh« •Isotrenio q»«otr« of Go(ZI)«TD8A •o^pl«x 
(Fig«.7) and (T«bl«»C} oonslsts of t«o aiAln bsnds m.% 
8.68 IcK siMl 81,74 kK with ft ahottldar at 18.18 kK. Altlieiagli 
th« 9mtpX»x tormtllj has !X(h ajrHiatryy tha 0baarTadi i^aatra 
oan ba Intarpratad in taraia of aatal ion aurroiuulad bf a 
vaak ligand fiaXd of aioro-aymetrj. tha Co(ZI} ion baa 
t^ ha ^l^(t|^ o^) fi^und atata with ttaa axoltad atata P^ 
lying IftB highar in anargy. Xn oubie eryatal fiald* thaao 
lavala will aplit into *tj^^(f}$ ^TggCF)* ^AggfF) and 
^7^-(P) in midair of inaroaaing anargjr. Haneay for 
oatAiadral Co(XZ} • eo^plax* ttiraa apin allovad banda 
ara aiqtaetad aorraapondlng to the tranaltlona l^^ ^gd*) —^ 
Tha fourth band i3^9wr9d at 10.64 kK« i s dua to tha tranai* 
tien ^"^lA^^^ —^ ^ \ « ^ « lowaat anargy band at 8.68 kX 
aan» tharafora« ba aaaiffsad aa C^) and tha atrong band 
at 81.74 kK aa (^} tranaltion with a ahouldar at 18.18 kK. 
Ika ligand fiald laranatara (TabXa^)» hava baaa aaXauXatad 
to raaoXvo tha probXaa of aaaignaant of tha aheuXdav by 
tha uaa of aa«i*aaipirlaaX aquationa (104) that giva tha 
vaXuaa of tha pM^aaatara Dq and B aaaurataXy with aa arvor 
of Xaaa than 8 ai^ • 
9b aoXvo thaao oquationa for Oq and B* oi^ariaantaX 
vaXuaa of (^) and (^}» aa aatifnod abova hava baaa uaod. 
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L«v«r (iOft) 1MB suflctfttd %hm% Hi* sbottldar MI 
tti« prinoipal band in oo%«h«dr«l Oo(XI)-eo)BpXME» lt»r 
ttMlaalag ( ^ ) transitioiia watt hmw an •navgy •pproxiaatalj 
twle« but not gTMtMf than 2.20 tiaaa tliat of C^^^) 
tvanaition. thia i« atrletly tapvm for a ragular eotahadval 
aoXaettXa and wall aubatantlmtad by our eaXottlatad valua 
of £.10 for HS/L^ «liioh i s in good agraa»aiit vith othor 
ooiq^Iaxaa of ootahadral ayanatry (104) • It la , th«rafgra» 
ooneXudad that tho abouldar at 18 •16 kK oorraqpoiKia to 
^\^{F) —» *p^^ transition. 
Xakiag tha abovo valuaa for 0\), 0^) and (^), 
tho L.F.S.E. (Xigand floXd atabiXiaation enorgy) omiaa 
ootts bo e i .S i KeaX/»«Xo* Tho vaXito of f, 0.9816* indloatoa 
a vary Xov dogroo of oovaXonoy* Iha spaotrua aXso aXXovs 
a oaXouXation of tho S(^P} - S(^r}» ««rB aoparation 
14810 en* oorro^ondlng to about M*$B% of tha fToo ion 
•aXuo* 
with oXootron oonfiguration ufi ia ospaotad to fomi an 
ootahodraXt totrahadraX or dlaMgndtio aquaro-pXanar 
ooMpXoxoa. S»«ovar« tfaa poaaibiXity of paraMgnotio 
aqttaro»FXaair ooapXox oannot ba mXod out a« augg4stod 
by Maki (IM). tha avaUobXa offootivo oagnotio wMMBt 
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data f«r l l (ZI) ooaplaxat elaarly indi«ftt« a r«Bg« £V»M 
8.80 tto S.SO B.x. for hi||(K->q?iB ootahadral (69) «id far 
t«tr«h««ra [BB), 3.60 to 4.00 B.«. Tho aiekol ( U ) 
eeaplaxas of th io l s ««r« uwiBlly found to bo dftasagnotlo 
•nd «olul>lo in non*aq(uoous polar aolvanta (63• 6 0 } . In 
tha iraaant oaaa* tii(ZZ)-TD3A ooi^plax «aa# hoaavar, found 
to IMI p«t»«Bagnatio and partial ly aolubla in iwat of Unm 
aan-aquaous polar aolvanta* Ttaa aagnatie matrnzai for 
niokal ato« of S.id B.M. (fabla«4} i t vaoh laas than ttia 
iralua aactiaotad for h ia^gpin ootahadral or tatrnbadral 
ooqplaxaa. A aiwilar magnatio hahaviour of lii(ZX) 
eom>laxaa ailAi dithioxMdda haa ba«Ei raportad by Kanaluo^  
and oovorkara (ISd). Tha low nagnatie noacoit valua auqr 
ba a eonaaqitanoa of a diaaagnatie unit oontainad in tba 
aana aolaeula along with ootahadral l a i t . 
fhia ooneXuaion ia furthar anpportad by tha alaa-
tronie apootru* of tha eoa^ax ahioh aboaa aight banda 
(Fig . .7) appaaring at 8.33 kH, 13.614 kK* 14.S60 k&, 
16.680 kE» fit4.380 lOt* 26.380 kK, 40.00 kt and 41.66 kX 
(Tabla»6). A larga noaibar of ootahadral Xi(ZX) aoaplaoiaa 
hava baan raportad to oxliibit thraa apin*allo«ad banda 
in tha ragion» 8.00 to 13.00 kX 0\), 16.00 to 16.00 kK 
0^) and 26.00 to 89.00 kK ( ^ ) aorraapoadiag to tranaltiaas 
49 
r«sptiotlv«l7. 3h« squar* planar NKXZ) aoaplaxaa liav« 
^ • n ahoTO to hava •« tli* aoa% tbraa baada* thm ftrat 
baad gioarally appaara in flwa% of 8i(ZZ) eoaiplajc«a in tha 
r«gioB 16.00 to 18*00 kK vfaila tha aaooad «n4 third handa 
•ra oftan not obaarvad (6S, le^)* In tha praatot Oftao* 
81(ZX)~TI}3A oopplex* ror tha oetahadral ap—lmBt tha 
obaarvad tranaltlona nagr ba aadgnod aat A^g —^ ^^ e^ ^^ )^ 
at 8.»5 IcK ( ^ ) , *Ag^ —» ®tj^ (^F) at 14.68 kx (^g) and 
%g —^ *%g<') •* ««•«« 1«« (H)* 
Ihaaa banda ara vary alallar to thoaa of nlokal 
•qiiMto* riri(KeO}g] (108)« iftilah lAiowa traaaltloai at 8.80 kl 
(H)» 1>9*B0 kK ( ^ ) and £5.90 kK (1^). In thU apaotriua 
tha aaoocKt abaorptlen baxi^  oosvaaponding to tha traBaltlon 
^Agg . ^ ^T^(P) Is doubla porkad and la obaarvad at 15.81 kK 
and 14.28 kK. Zt la llkaly th«t tha oatahadraX apaoiaa of 
tha aoaplax la of 0<|h ajranatry. Tha obaanrad olaatroala 
apaatra 8.00 kK to 50 kK oan vail ba Intarpratad la taraa 
of vatal Ian aiunroundad bgr vraak liBtmd flald of aiora* 
ayviatrjr. Tha llgand flald apllttlng anargy* 10 Dt la 
takan aquaX to tho anargir of tha f ir at tranaltlon ( ^ ) and 
Raaih parinatar B» «aa aalotiXatad fren Di» ^ j * ^ ^ 5 
banda onorgr utiag tha diagonal aiua vuXoi 18B aDs^^AB^I 
(107). 
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ni l s Xm ftsrthtr ooiifira«4 by •oaparing tli« 
••9ar«Uon (Xobs) of*!^ a n d ^ bands, Ifi.iO kK., « i t h tlioas 
o«XouXaft«d valua (X«al) of» 11. £8 kK« en tba basis 9t 
ootahadral sTamatry. Tha vaXua of (Xssl*Xobs) • 0.6& I s 
not within tha usual l imit (108) for undistortad ootalisdral 
Sl(XI) eo»q;>Iax spsolsa* Ftirther for tatragonal Ni(XI} 
eonplexas* valua of ^ S A ^ '»*• teund s ignlf iesnt ly h l ^ a r 
than the usual rtmge for ootshadral eo^plaxaa moA soawtinas 
s t i l l bi£^er than tha thsoratleal valua of 1*80 to Ca l.frO 
to 1.70 ana valuoa of about 1.80 to 1.70 9it9 eoaaon for 
8i(XI) ooaplaxes of ootahadral syoaatry. 
Zn the preswit oass» tha^-w^^ - ^ ratio of 1.71 I s 
c^araotsriatlo of tha diatortad ootahadral (tatragonal) 
Ml(IX) eonplox spsoias* 
ilia ligand f iald s tabi l i sa t ion anargy (L.F.a.K.} 
aonaa out to b« k&.AB Roal/nola tmd E(^p} . &{^W), tara 
sspsration of 16676 siir oorrasponds to about 98.96J( sf tha 
frss ion valua. Dia rsduotion of B aftsr Multiplying 
(j^fft^. )» tha so-sal lad naphalauxatie a f f s s t (188)* sssas 
to ba aora sffastlTa for Co(ZX) than for MKXX). Iha 
raaaialag band at 88.88 kK «id 21.58 kK «ra tha sharastsri ati a 
bands of squara planar unit oorraaponding to tranaitisns 
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of bo«b distorted ootahodraX (ttttragoiwl) and aquar* pla&ar 
imita aaeount wall tor tiia obaarvad raduation of mginatia 
aonant. This auggaata that tba ooaplaz eoataliia tao aiakal 
atoBtt in vhioh ona of tha nlekal atcM la aurroundad 
ootahadrally idiUa tha othtor in a planar anvirooaatit at 
aaoh «id of tha Molae\ala. 
Oyppar (II) » TD34 CoMPlayt Soppar haa an alae* 
tronie oonfIguratioa and, tbarafora* thm fraa 
Cu(II) ion voidd lutva tha affaetlva alaotrcnie oonfietiratlon 
ft o 
of 3d 9 ground tara Sg* Tha apia-onlf aoawnt valua tor 
tha Cadi) i& 1.79 B.M. A gp«at majority of Cu(IX) 
eoaplaxaa ahov noraal aagnetio aio«ant of 1.76 to 2.&0 B.V, 
(60) indiaating tha abaweiea of msf ai^araaiabla apin 
aoapling batvaan wipairad alaatrona bal<mging to diffarant 
aoppar atonta. Aeeording to Figgia (61 )• tha auigaatia 
noaMBt value for tatrahadral ia-^l«90 B«il«» aharaaa far 
aquara planar and ootahadral Oadl) apaaiaa ia Z 1.90 B.M. 
4a tha diffaranaa in tha aagnatie amMUt valuaa ia aiall* 
tha aaia oanaot ba uaad for tha atruottaral datamination 
of aoypar (IX>»aoavla«aa« On tha othar hand# a nii^ bar of 
Cu(XX) eoM^axaa hava baan raportad to aho« a aubnoraal 
«agnatia noaiant Z. 1*78 B,li. (6S). Soaia (^(ZD^aarboxylataa 
(65) and tha m aallad triooardinatad (hi(IX) oeaplax (64) 
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belong to this e«t«a»i7. Hov«v«r* th» subnom*! aftgiMti* 
•oflvnt i s not obitrv«d ia a l l ••rbojtyX grouyp lMPidg«4 
polyiMrs* s.g. Ctt(lZ)-b«Baoat« tribydrsta* thov* « Mignatle 
noaent of 1.67 B.M. in tpito of i t s linoar polywurit 
atruetupo (i09}. '£tm obswvod auigiitttlo aowttt of i*a6 B.M. 
(7flible-4) of cu(IZ)»T0aA ooaploji ineludos strong q;>i»-spiii 
pairing snd polyaarlo struotoro* 
ilKo slootro&io spsotrua of an ootahsdrftlly oocNPdi-
nstad Copper (ZI)-TD3A oo^pXox sbould noranlly sxhibit 
absorption banti duo to J^iL. m^ ^\m transition. Ths ^S^ 
stats i s highly sasooptibXo to Jahn»tsIXsr distortion snd 
no Coppsr illi ooa^Xsx sbouXd hsvs a rsguXar oetahsdrsX 
ayanstry* Iho distortion oausss broadwiing or ovsn 
m>Xitting of ths absorption bonds. Ihsrsforo* alX tbs s ix 
ooordinstod Ooppar ill) oo^pXoxss sro totragonaX «itli Otilti, 
or Ol^ v syaHootry or rhoabio «itti C&v qraaMitry. Zn Otah 
syaastryy ths Kg and Tgg XavsXa of tho D^ froo ion tors 
v iU further split into B|g« A g^* Bfig wd 1^ XsvsXs 
rsspoetivaXy and ths onsrgy XovaX soauonso viXX dopsnd 
on ths aaieunt of ths distortion (ifiV). Iho obsorvod banA 
IS.ift kK (Fig.«7, TabXo*«)» saans to axoXuda ths sfuara*pXanar 
fom, as tha squaro^pXsnar Ou(ZZ}*ea«pXaxas gsnaraXXy ibav 
tao bands of nasrly aquaX intansitf oorraspoxxiing to ttia 
trsnaitions. *B|,g —^ A^^ g and B^j^ g - ^ ^%* Xika ttaa 
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r«p«r««d 10*00 kK and 18.00 IcK Imads for aqiMrs^ plMUtr 
Ctt(IX).bi8 (aeotyXae»tonat«) oonplax (llO-lll* 187). 
Th«r«for«^ I t aagr b« oonoludad that th« Ctt(IX »^TSSA 
eoi^lax 1« of dlotortod oetohodral ttruetivo. Uonoo* 
tho hand at 19.16 kK haa baan Idantlflad aa tha tranaltlon 
% —^ tgg* 
Ohroslua (XII) - TDSA Corolaaii Xha ahroalua (XXI) 
Ion baa «R affaotlva aXaotronie eonriguratloa of 3d^ and 
aa auoh It ahould a^diiblt tha paranagnatl«» eorraapondlag 
to thraa impair ad alaetrona In an cMtahadraX anvlronaant. 
Iha aoat of tha polyaMPlo (%roadlian (ZXX) thlodloMrbo^qrXata 
ooiq;>lajtas ahov aagnatla wMaant WWPJ eloaa to apln-fluily 
•aXua of 3.80 B.K. (86* 85} la oetahadraX ataraoahaalatvy • 
rho obaarvad oagnotlo aiwaant vaXua of 9.ii7 B.il. i^ tha 
praadnt aaaa (7abla»4) l i oenaldarabXy Xevar than tha ana 
rapartad abava» Indloatlng tha praaanoa of ^;>ln*oirblt 
aoupXlt^ l within tha ooqpXax foniad but doaa not axaluda 
tha poljmaria atruatura. Iha propartlaa of tha aaaplax 
ara qiuita dlffavaat fl^ii thoaa of tha blvaXaat ana* 
Indlaatlat • p«X7>Mrla atruatura of Ma LOH typa aa^plax • 
aKowlng no taaAanay of aubatitutlon bjr othar aniana. I t 
aaaaa probabla for thaaa hydrosqrX 0!«u4»o to aat aa brldgaa 
batwaan tha aatal atoaa foraii^ peXyaarla ahalna. Yhio 
viaw la furthar anpportad bf tha aagnatla aoaant of tha 
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•liv«iii« •a4pl«x foriNid vhiob i s typloal of an ]iydi«]i»-
brldgatf polfm&r as vaLX aa Iqr tha inaolubllitjr of fetaa 
aonplax in al l tha ooaaan organia aolvanKa* Fiartliar* tlia 
inaolublllty of tha ooaiplax in bantana or chlorofera aeaea* 
paniad bjr Ita aarkad availing, la anothar good avldanao for 
tha lyraaanaa of linaar ohalns &a tha pradoninating apaaiaa 
with tha eroaa«linking onljr of ninor iaportanta (1&8)« 
Tharaograbiaia^ie analyais of Qivoaitat (III) 
ooMplax ihowa init ial waight loaa at iit^O oorraaponding to 
two vatar Moloeulaa (Loaa in «ai|^t» Oalad • S.1S%| 
Found • 7.60^) aa latt iea watar* 
Aaiuning a oubio ootahadral fialA to ba praaant tha 
alaatronio ground atata will ba a ^A^m atata aviaing froa tha 
atrong fiald oanfiguration (tsg)^* Othar atatoa iprlnging 
froai tiiia oonrig!aration aro ^£g» ^Tj^ and ^t^ • fha naxt 
atvong fiald oonfiguration ia C^g)^ (og)» {NPOdaaing tha 
quartat atataa ^t^g •h<'^  ^ i g * ^•^* ^^« onargy aap aratlan 
batooon tha tao loaar lavala* ^A^. and ^'2g* id iO Dq* 
Xhua* ia tha Qteoaiun (XXZ) eaaa* flia aaargy of tha longaat 
vavolangth paak abould givo a good apfxroxinatioa of tho 
ovyatal fiald pavaaatav 10 Oq (189)* Ihaao trmaitiona 
mm ba aoai^iad aai ^Ag, —^ *«8jj(F)(^)| \ ^ - > ^tigiJ'X^i^ 
and ^dgg —^ ^*ig<')^^) •^ "P^ fov^iddan trnait iai i 
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4 V fil 
Aj2- —-^  *8g« Th» ttlMtronle i^««fem« of Chroaiua (ZXI)* 
TDSA ttoaplM (i'ls—'Y* T«tol«-e) ahowa thraa apin allovad 
trmalUona at 17.09 kR (1^), 63.26 kK ( ^ ) and 40.00 kK 
( ^ ) . Tba tranaltlon at 14.08ft kX la Jiaat tha apln fovbldaan 
tranaltlon. It la llkaly tb«t ttaa eoaipXax la ot oatahadral 
•jranatiT* Tha obaanrad alaotsonlo apaatpa In tha ranga 
6.00 kS to 40«00 kS o«i wall ba lt)tariMi?4tadl In tanaa of 
setal Ion auproundad ^ an Intamadlate ilgiuid flold of 
adaroaynnatry. Tha llgand flald apllttlng anergf* 10 Oq «aa 
takan aa aqual to tha f ir at tranaltlon ( ^ } end tbe Haaah 
papa»«t«r« B, «aa oaloulatad froei 0\)» ( ^ ) and (^ ) band 
•nargloa ualng tha diagonal aun rale* 16B e^c • ^ s • 5^ 2^  
(107). 
Tha valtta of ^9/^^* vaa faund to ba &.90» liilob la 
gvaatM* than 2.20 a valua ganM^ally aaaaptad for ragular 
ootahadral ooaiplexaa (97). tbia Indloataa that tha ao^pXax 
haa a tatragonaX OP dlatovtad oetahadral •laroaya»ati7* 
Tha Ugand flaXd atablXlaatlon anapgy (L.F.a.i .) aaXouXatad 
aoaaa out to ba &B»49 XaaX/«oXa« 3?ha apaetrun aXao alXowa 
a^oaXaulatlen of tha* JI(^FM(^F), tam aaparatlon 11990 ai^. 
Uhla aarpaipoada to about 89:^  of tha fraa Ion vaXua* 
with TDSAt Zlno* Cadnlun and mttrwirj hava an aXaationlo 
aonflguratlon 4^^ 8*. In tha aXaaanta of lb grot^ tha fUXad 
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<AL'-sh«ll« lo«« on* or two d-«X«eferen« to glv* iooa or 
ooni»l«x»» in tlM XZ and ZZX oxidAtion st»t«« tout for group ZZ 
oloavntOf thoro i« no ovidonoo for oxldotioa otatoo bigtaor 
than tw* Tliopoforo* al l ^ino (ZI), Oadaiua (ZX) and 
aeroury (ZZ) ooaiplaxaa aliould bo diaiiagnotio and «&ZI havo 
no ligand floZd atabllliafelon offoota ooins to oooiplato 
d*aub aholZa. MX thoao fora aftabXo ooaploxaa vdth gulpbur 
eo&tainlng Uganda (lSO»iS£)« All thoao ooaploxoa aro vhlto 
aollda* diaflttgnotlo and inaolublo in wator aa wall aa in 
ooanon organlo aolYonta* lHam olootronio ^pootrua of t la 
oo^plojEoa voro found praetieallsp idontioal with tbat of 
the ligand. tho Infrarod aoaauroaonta oouplod with tbt 
dia»agnotio naturo of thoao ooaploxoa liyiieato that tho 
aatal ion la eoordlnatod totrabodpally through oxygon 
atoaa of tho oarboxjl groupa of tho liquid. 
Thoraograblaetpio analyala glvo «ol|^t loaa in tho 
taaporaturo rango 11(X»1&0^ C o(»rroapondlng to ono vatov 
aelooulo in Zine (ZZ) ooaplox (Calod « 4*98^* Found m 4.1Sj()* 
too vatop aoloottloa in Cadalua (ZZ) aoaplox (Oalod • 9•89%, 
Found • d«199») and too oator aaloouloa in aorouvy (XZ) 
oo«plox (Oalod • ft.l8#« Found s 4.68J(). 
ffmiT^fflf <^ >^ ' *P^^ Ooaoloxt Kanganoao (U) ioa 
baa an offootivo olootronio oonfigoration 94^ and i t abauld 
ahoo paraaagmotiaa oorroapoadiag to fivo unpairod olootroaa* 
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1b« MMssaaoM (ZX) « thlotfieapbexylat^s «eapX*x«s !!••• 
MSn^tio aoaoBt valuo ranging from 6*87 to 5,09 B.M** 
«hieb 1« in •gF««si«nt with the ganerilly aaoiqjtad valu« 
of 5*60 to 6*i0 B.M. fop high-spin ooaploxot of o«tdti«drftX 
aioroiymtttX7 (114 )• 1!he obtorved magnotie aoaint v«Xta« 
6.48 B.li. (tftbX«.&) i t ^997 oXoso to thu Xovar Xiaiit of 
th« afoposftid rango ganaralXy aoeaptad fbr apin»frao 
ootahatfraX atapaoohaaiatf^ • ?h«raograbl«atrie anaXyaia 
aXao givaa waiglht Xoas oorraapon<U,ng to fo\zr watar 
aoXaouXaa (OaXad « ie.20l£, FounA m 16.18^)« 
1!ha aXaotronle apaetruoi of Kangaaaaa (XI)-TD3A 
eoiqpXax (Fig«.8« TabXa-7) aan ba intarpratad aiallar to 
that of manganotia aquata rMn(H£0)g] • in tanaa of tha iMtaX 
ion aurroimdad by vaaic Xigand flald of Miovoajrauwtry* 3ha 
grotind tezm of d^ eonfi guration la tha ^A|^ .* GonaaquantXj* 
thara viXX ba no apin aXXowad tranaitlona* Xha tranaitiona 
of tba apaatpun ara aaaignad fro . •Ajg ground tar . to 
ciaartat axaitad tara. Htm Xovaat quartat tana la tha 
^f],g((}) foXXawad by *T^g(0), Una f irat tao banda of tha 
apaatnia ara fittad to thaaa tranaitiona (97). fha 
aaaignwinta ta tha ranainlng obaarvad banda aras kig —^ 
4TJ^<0) at 17,8» kK. ^Aig —^ ^ %g<0) »* «••»• ^^' % g —^ 
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40.01 kX i s du« to oluu f^* tvwi«f•?• Htm i^ AOftb parMMMv^  », 
««• eaX0ul«t«tf tt«lQg tti« rslatlon (07)» *A|^ g(P} - ^ ^^Ig(®) > 
24«0« and ooMt out to bo 74S.S on^. Ugmd fiold stabill* 
totion onevgy* Dq, woo oaXculetod using tho rolatioa 
Dq/B « 1.10 and oonoa out to bo 817.7 o«^« tho Ep tont 
aopapatlon oaXoul&tod eoMoa out to bo iJUdft oa • this 
oorpo^pondo to about 77.4^ of tha froo ion vaXuo. fho valuo 
of f, 0.774» indieatoa ft low dagroo of oovalmoT* 
;tfon {111) « 'yp^ tfffip3^ 1»?f« ^ron (III) has sn 
offootiYo oXootp<Miio oonfig;uration d*^  and i s ojqpootod to shoo 
p&r»megnatia« oa9*roaponding to f ivo unpairod oXaetron spins 
in Ml oetahadral anvironiaant* tha magnotio HOMont for spin-
froo Iron <ZZX)*ooHplaxo8 ataouXd Xio in tha rango 6.70 to 
6«i0 B.M. (114). Howovar» SOBM of tho thiodioarbojqrXstos 
of Xron (IIX) havo bean ropoptod having swgnotio acNaant vaLuo 
ranging froa 3.84 to 9.S8 B.M, in ootiAiodraX urMMtrf (•£* 09). 
In tho prosMit oaso« tha obsorvad aagnstio aonont voXuo of 
3.75 B.M. (fal>Xo*6} ia qui to eXoao to tho ono raportod sbovo. 
Tho ohaadoaX bohaviour of Xron (IIZ)»oeii9Xox ia quit* 
anaXegotts to tho Chroaiun (XIX) thiodioarboxyXoto oo«pXox» 
indioating • polyaorio stmoturo of Mo LOH typo «o«pXax« 
ahoro hydroiqFX group aota ss bridgo botootn tho aotsX otoas. 
This vis* i s f urthar supportod spooioXXy by «ha asgnotis 
aoasat of tha forrie ooivlftx «hi«h i s typioaX of sn 
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hydroxo-bridc«4 polynM*. iMm mgllglbla •olubilitjr in 
t>«nM2M and ohlorofora aeoonpani^d ttjf narkad tvalliag la 
another avidanoa far tha praaanea of linaar ohaina as ttai 
pradoainatlng apaolaa vltb tho eroaa-llnklns only of alaor 
ioqyortanoo (ISS). suob a biOiavloiar la tjploaX of * 
aubatance eontalnlag vatar in gapa of e polyaarlo atruoturo* 
Aaaundng a oublo oo^ahadrni fiald to ba pr«aaDt» 
ttia olaotronlo ground atatto wllX ba ^A.. (Pig»*8» Tabl««7)» 
%e obaervad band a aay be aaatgnad* aa folXevs (1E9}| 
%g(F) - 4 *T3,g(t|,g)*(ag) at 15.15. •i^gt'*) - » 
*Tig(tyg)*(ag) at 15.15, ^AjgCF) - ^ *Aig(t£g)^(ag)® at 
10.51* •AjLgCF) —^ *%<tjjg)*(eg>^ at £5.80 and •AjgCP) —» 
'^^ IgC J^ggJ^ Cag)^  at i?6.64 kK. 
A o<Mparlaon of Zrwi (ZZI)«-TDSA ecMqplax ipaatnui 
with that of Iron (III) aoordlnatad «&th aiji oiqrgao atom 
beara a groat aiadXarity In whioli the •alaialatad value of 
10 Dq m 141180 oi^ la in good agraaaent vltli the value of 
10 Dq a 14000 o«^ for equated iron (III) ion. Zhia aaggeata 
that the eleetroale apeotra of Iron (ZZX)»TPSA ooaiplex 
ean well be interpreted in teraa of aetal ion aurroModod 
by a weak ligand field of eetahedral nioioayHMtn* 
Thamwgravlaetrio anaXyais of Zrdtt (ZZX)-roiA oo»-
pXex ilMaa inltiaX veigHit Xoaa at llO^C oorraapetidiag to 
too voter aoXeouXoa (Loaa in weight* Oaled s ••18^* Fouad a 
7.88j() oa Xattioe voter. 
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dlf f •i*«nt eoordination auidNn** <S«i>«adlng i^^a the oaEldatieii 
staU of th« ««U1 (191, iS9.iS6). 1lt« Pt(ZV} ioa h«a 4^ 
•iMtroa ooafiguration. OwMpally, i t s eoaiplftXM ftv« 
•xp«ot«d to bo ootobedpol invoXving 4^ 3»^ fagrbrldlsation 
and dianai^wtlo. 
la the proa«Tt, Ft(2V)»T03A dlaMagnotio ooaploxf 
tho aoaliiaia »ho«a tha motal to llsand ratio aa k;tl, Tbo 
dlffuae raflaotaiiGo spaotra or tho Ft(ZV} eonplax* diaplagra 
a abou3.dar at 20*00 kK and a naxSmm at £7»77 kR. Ihoao 
band a oouXd bo attrlbutod to M -^ I. ohargootranafor 
tranaitlona aftar Llvlngatone g!,| t^, (U4» i5»)« Tbua* 
an ootahodral atarooohoiolatry oould bo propoaod Sov ?t(IV) 
ooMpXox. 
PalladlUM (II) - YPSA Oowploxs Tho Pd(II) oom»losoa 
of aulphiar oontalnlng Uganda havo bowa tho aubjoot of 
oxtoaalvo ourrwat iti^oatigatioaa atalaly dao to ttao fbmatioa 
of bridgod o«ttploxoB (199*190}• Ooaaidovablo iatoroat havo 
booB attaohod to tba aagnotlo propartlaa of group (VZIZ) 
aMtala of aoooad and third row tranaitioa aotal aorioa ••» 
vary oftaa» tho BuadU rulo of aaxiMn q[>in»flttltiplioity io 
not oboyod. tho Pd(XI), l iko S1(II)» havo m olootroa 
ooafiffiratioD of d*. iiam^pt la tba oaao of Bi(XX) aad 
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two unp«ip»d •l«otroiis ars •xpM%«d» tli« 4^ ^ ooapIeiMs w 
gantrally «qtt«r«*pl«ii«p involving dtp^ hybvidisstiMi maA 
4iMMgn«tio (i37). 
/ 
In th« pfm%nt M(XI)«T!>SA «at4»2.«x» tlt« aaftlsrois 
•bows tho notioi to ligoad ratio • • Stii* Xh« wagnotio Moownt 
aooourontnt thovt that tho ocM i^ojc i s dianagnotie. Ifao 
diffusa raflaotanoa spaotra of tha I>d(XX)-TD8A ooaplaxt 
Fig,.e« shows tho lowast anargjr hand at S9,80 kK* fhia 
hand has haan attrihutad to II —^ h eharga«tran8far 
tranaitiona (ii4» iSS). thus* a squarwpXanar atarao-
ohanistrjr aouXd ha prt^osad for tha Pd<XI) eoaplax. 
Xhamograviaotrie analysis of Fd(XX) aonplax ahowa 
i n i t i a l waight loas at iiO^O aorrasponding to ona vatar 
Molaaula (toss in waight* aalaulatad • 5.64^« Found a S.90)() 
aa lattiaa watar* 
Qaniw (VX) » fPSA Oawla«i Oai^ UB aan assiMo 
4iffaraBt ao«r4inatioB mwhara 4ipan4iBg iipon tha oxi4atioB 
atata of tha «atal (189, 196-188). Tha oanio aaid {Qi>0^ as 
•s«ia aai4t %% aquaoua soXutloo) i s a powarfnl oxi4isiag 
agant, Vith alkalia tha tyarosMto* ion [os04^^^((»i}J] « 
i s forttsd in solution, hut this i s oaally ra4ttaa4 on haating 
or with ala4hol to [^ OaSg (OB)^*" (188). Tha lattar 
Os(VX) voaata with a mmib» of organio nalaaulaa and 
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•rs«il« toMtt to fora adtfiMts (138). Th* 0«(VX) i m has 
M •iMtPcm oonrigttr«%i<Mi. Zte ooaplsaMt s«ii«r«ll7 ar* 
•xp«ot«d to bo dlgtorto4 ootohodroX with ^ ^ oonflgurotioA 
and ohovo ononolouo mognotie tehaviour duo to lilg}>>spiii 
orbit ooupllng eonotant valuo of tho aotaX. Iho apln-
orbit eoupling oonatant vaXuo of tha «ataX. 2ha apin-orbit 
ooupXing oonatant for Oa(VX) ia ^^^5000 oa**^  (laS). 
Sttoh a Itarga valua rafXaota that intaraadiato ooupXiat 
offaata ara important in ootahadraX aoapXaxaa of baxavaXant 
oa«iun« fba only oaaduan oarboxyXataa ao far laada aXl 
invDXva tha *OaaqrX* grouping. Tbia ia an important group 
of aompotinda for thia aXaaaot* 
In tba praaant oaao* it «aa obaarvad that duslag 
tha oouraa of ooapXaat foraatlon* Oa(VZXZ}« vhiab vaa tba 
atartiag aatariaXa* got raduaad to Oa(VX} ia tha aXkaXiao 
aadiua and than aoapXaxad by tha Xigaad. tbn Oa(fX)-TDaA 
oo3#Xiac vaa found to ba diaaagnatio. ^ ^ aagnatio 
aharaator of thia aoaant ia aurprlaiag and ia in aarlcad 
aontraat to tha paraaagnatiaa axpaatad for tha yrooaaoo 
of 4% oXoatrana. fha diaaagnatiaa of Oa(VI) aoi«»Xox having 
dl^oXaatrona aaanot ba aaoountad for on tho baaia of 
at 
Xotani thoary booauao ovon.taro taaparaturo tha Kotani 
A 
thaory pradiata a aaiMnt of l .es B««« tha diaaagnatiaa 
in thia aa^ pXox mtn bo oonaidarad aa a broakdoun of 
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mmf !»• MpXaliuid on tbm basis of i|pln*qu«iieliiiig ^ a«t«l* 
iMtttl int«r««%ion or tlirouili on 03qr8«ii bri4go (m^)* ^ i « 
Tlov io fuF^or sappor%o4 Iqr •oouainc «h« totrogoaol 
dlotortioB of tho ootohodron <Oli <-i^  Oi{h) brought obeut 
toy th« otrongly 7f-donoting oxido group* wbiob io suffi-
olwit to oouoo poirifig of tho •pins of ^ o t«o dg olootrons 
in tho Xowor dixy lovoX« Uiio ouggooto that tho too d^ 
olootrono in tho Oo(VZ) oo^pXox pair tbiMoolvoa oMuing 
i t to bo diflmagnotio* 
tho ootahodral otorooohonia^:^ io furthor aupportod 
by tho rofXootanoo apoetnaa (Fig.«6}« vhioh ahooa throo 
banAa at i9*i8 kR» id•86 hK and 40.Si kK* Thoao banda oan 
bo oXaaaifiod aa apin-alXoood <i*d banda and aa a ohargo* 
tranafop band (i53« idS). Iho band at 40.«i kK oan bo 
aaaignod to M —•^  h ohargo-tranafor tranaition* 
IhonwgraTiaotrio anaXyaio of Oa(Vl)*TDSA ooapXox 
•hooa initiaX ooight Xoaa at iSO^O oorroapooding to fivo 
vator noXoouXoa (Loaa in ooight* oaXouXatod a 0*4i)K» 
Found • 8.96)() aa Xattioo oator. 
l.ti. Soootrai «ho infrarod apootra of tho Xigaad 
and tho ooapXosoa voro rooordod in tho rogion of 4000»800» 
and 4000.400 OM .^ thm aoXootod X.It. qpootraX banda aXong 
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««r« ob%«iB«dl with r«f«r»a«« %o «h« ap^otra of th* •«!)«» 
••rbojqrlat* ooapl«ai«s • • w«ll as %hosa of thio mA aalno 
aoUa eoMpXoxoa (79-77, ISO-lSS). fiM C-S atrotoiiliig toaad 
at 786 oa^ ia Isho XlganA 4ooa not abow aagr ahlft« lAtfioa-
ting «anooopdlnato4 auXphur atoa in th« ooaplaxoa. mia 
SMQr ^ * duo to atarie hindaranoo oauaad l>7 tha praavnaa of 
largo bulky oar1»oxylia p^oupa on aaoh and of tho aolooulo. 
I^no antiajTMaatePia ^A;^ atrotohing band on OM|»loxati«n 
ahiftod to lowoy waTonwAar in tha ragion iS90-i69ft en^. 
1!haaa valuaa aorraapond to thoaa of glyeinata and othor 
OMino aoid einqiloxoa. Tba l»»idging earboxylie groiq^a of 
Motal oavboxylata oo«q;>loxaa alao ahew an abaorption b«id 
in thia ragion. Further, tho^^m doforatatiMi band at 
OiO 9m^ in tho ligand diaopp^ora on oovploxatioa aa tho 
ionisatien of tho oarboxylie group ia aavlaagad in 
aoordinaticm* It ia , tharafori^ ooneludod that aoordi-
nation takoa plaao through oarboxylio group a and tt»o 
ooordtoation poaitiona ara oooupiad by tho bonding and 
»o»*boBdiBg oxygon atona of tho oarboxylio grei9« 9bo 
baada poaition of tho antiayano^io ^ i W otrotohiag 
vibvationa aa oaXl aa tha difforanoo of tho vavoauabava 
of tho aatiayaaatria and ayaaotrio idbratioaa 
ihiflh »• laaa than 880 aa^ iadioato oaaaatially ioaio 
oharaotar of tho oarboxyX-aotal bond (idd, i45). fho 
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-1 
o1>««rtr«d •troag baD4 n««r 3400 o> iadieat** tb» pr«««ii«« 
of ««Mr •oX«euX«a in tli« «oa|»l«x«« and th» ••ooad ob««rvod 
band At about 930 om , voo hooovor* osoignod to ooordlnotod 
wotor aolooiilos trisilote vat fiu*th«r oopportod by fhorao-
grovSnotrie molyaio* 
In tha Zlnodl) , GaAjiauM (VZ) and Maroury (XI) 
ooai»laxoa tba obaorvad atrong band naar 3400 om-^  indioatoa 
tba praaaneo or mmttn* aoXeaulaa in tha eoapXaiiaa* Othar 
oharactarlatle band grcmpa In tha infrarad apaatro loo4 
to tha oixiolualon that bgrdratad watar ( i f praawat) deea 
not tako part in tha ooordination and that tha eavboxyl-
aatal bond haa oaaantially an ionio oharaotar* I t ia« 
tharof(n:*o» auggaatad that in 2ino ill), Cadaitai (VX) and 
Mapoupy (IZ) ooopXaxoa* nataX atoa ia aoordinatod 
tatrahadraXXy by oxygon ateiia aa doner a and eoordination 
apharo ia fornod sXtamativaXy by bonding and non-baadiag 
oxygon atoaM of tha OMPboxyX grai^* Y)>« inaoXubiXi^ of 
tboao ooi^Xoxoa indioato that tho non*boa4iag oiqrgan atoM 
•TO a^pXiod by noighbouring aoXaonXoa in tho faaaation of 
poXyaorio notoork, 
Ui tho prosoBt aaao of Xron (ZZX) and Cbronim (ZXZ) 
• •pXoMO atrang banda at ••O and 990 oaT^  roapaotiYoXy Mf 
bo aaai«iod to'^og bridging vibrationa. Thia ia in 
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•o«orduit« with the oh«iii«al behaviour of o tgrplooUy 
hartfroxobrldgod ooaplox. £hit tusgooto that tho t«o *Oil 
groupa la hoth thaao oopplaxoa oooapy t«o eoerdlaatotf 
poaltlona thtrobf aakiikg tha eoapXax of an ootahadral 
ataraooha«iala*y • 
Tha obaarvad broad bind near S360 «i^ iadioatoa tha 
jyraaanoa of watar amlaouXa in tha Pd(XI) eoaplax* thia 
vaa further aupportad bf theraograwljiatrla analyala. 
Xn tha l*t(ZV} o<mplax» tha Pt»01 atratahlng fraquonajr 
la out of tha rmnga of tha Inatrumant* Tha aoXar oondua« 
tanea data ravaalt that PtiZV} end Fd(XZ) eoaplaxaa ara 
&on»aieotrolyta. Thua It la auggaatad that in tiia aaaa 
of Ft(lV) (K>aiplax« tha ai»>oeordinatlon aitaa nuat bo 
ooBq>latad via* ojQrgan atona of aarboj^llo groqpa and 
ehl(Mt*ina at<ma« But* la tha f*d(IX) oonplax* tha aoardl* 
nation la through bonding and non»bondlng oxygMi atoaa of 
tha oarboxyl grov^ pa* 
_^ 
Xa tha Oa(VX) eoaplaxt • atrong band at MO aa*^  
Biqr ba aaalgaad to tha lafrarad aatlva 0 s Oa s 0 atratohlag 
mtHm (14*)« fha praaanaa of •»» bridging in tha aaapXax 
[jl4(0«s(0X)^(0iI)|Q haa baaa ahoan by Malaaoto aai aoaorkara 
(14V) at aboat 107ft oa^. A aadlua band at 10t» aa^ la aaao 
of Oanlaa (VZ) ooapXaa aajr thua ba aaaign«d to tha •GB 
-{ brldglag vlbratioaa* Tha band obaarvad at ftlO aa^ la 
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MtigB«« «o 0« «• (OH) •«r«««hia« md9 (14«). Ihm 
m^9fhln^ •OH vita»tttioB«« ho««ir«r» tippmttt • • A strong 
bftod trouaA 9400 «MI*^. th» aolar oonauaUiw* 4««a r«T«aX 
th«« Oa(VZ) ooaplex is unUtstravslsat typs of slsetro-
I l t s . Thus i t is sonoludsd that ths two •OH ff^oups i a 
Os(VI) soMpIsx ossupy tvro ooordiastsa positions sad 
sontsins s osagri 8^oupias« ttisPoby asking tl»s sos9»lo3i ioa 
of sa ostshsdvsl stsrooshsaistrj* tho prsssaoo of I s t t i s o 
vstsr ass fwtbsr suppovtsd by thMPsmgrsviastrio saslysis* 
Thus* ths infrsrsd spsotnia studiss support tbs saslysis 
sad sXsotroais spsetrsl findings ss roportod sbovo* 
OonoXasioBi Ibiodisaosiaio soid (TDSA)« 
S « f OB O008'\ , feras stsbls ooaplsxss with CobsXt(ZZ)* 
\^682000IIJ2 
SiskoX (ZZ), Ooppsr (Z I ) sad MsngsassoCZZ) of ths typo 
[%];. * »ieO]» (M • a s t s i , L «-Zigsad), X • • for OobsIt(ZZ) 
sad fiskoX(ZZ)» onus X • 4 for Goppsr(ZZ} sad Msagsnoso 
(ZZ) sad with :ttas(ZZ)« Csdai«a(ZZ), HsrsuryCZX) sad 
f i a iad i«a (U} of ttM typo [%ir]-JK>fiO, X s i fsr Zias(ZZ) 
sad ysXXsdiiai(ZZ) sad X • S for OsdaiuadZ) sad Morsnrf 
(ZZ) sad ait t i 0|HMii4wi(ZZZ) sad ZroaCZZZ) of tlis typo 
[ll8L(0H)tl.t«8O and v i tb nstiaaaCZV) of tlis typo 
^ L . c x i ] sad al t l i Osai«B(n) of tbo typo[(IIOt)t U O H ) ^ * * . 
• IgO. Thsir stmstiiros hsvo bose ohsrsotsriaod oa tko 
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b u i t of •XMMH>%«X mwlfBU, aasMftio mmm%t, •l»«tratti« 
•ndZ.ft. fljMotral • t iadUt . Cobal t (n) ftufl ll«iigan«M(XX) 
fora Iil8li.»piii oet«h«dv«X •oi^XMot, «liU« lll«k«X(XX) audi 
Oopp«p(Z2} focw dlatop««d ootataadrcX «0i^X«3iM« wtalXo 
(%r««i«Hi(ZXX} anA Xroa(XZX) f o » higb*«pi» l^ pXoaXXy 
tqr4rox(Hl>rldgad oofeahadraX aoapXazaa. l*XaUautt(XV) twm 
4ia«a«iiatlo oatahatfraX eompXax* PaXXadiundZ) fonaa 
diaaagnatie aquara»pXanar ao^pXax and OaKiuai(Vl) forma 
diaaagnotlo dlatortod ootahadraX aoaipXax* 21ne(XX)» 
Cad«ltta(ZX) and MareupydX) font dlaMagaotla ta^itoadi^aX 
ooMpX«xoa» X*R. apaotra ahona that ooordinatioa takoa 
pXaeo t t i rou^ oarlioxgrXato groi^a of tlia Xigand and tbair 
eoopdination poXjhadFon waat ba ooi^Xotad althar by vfttar 
•oXaattXaa or «»0H brldgaa or by aoaa ljitara»XaauXap 
lataraatlona» probabXy tbroiifl^ f^ao aarboxyXle oxygana. 
RaXavMit Xigand fiaXd paraaatora bftva aXao boaa aidouXatad 
for thaaa aoapXaxoa. Tba aapbaXauxatla offaat aaaaa to ba 
aora affoativo for CobaXt(XX) than KlakaX(XX)« 
PREPAHATKm AMD OHABAOTBRIZATICai OF OLYCOLDUfBI. 
CAPTOAGETATS COMPLBX£S WITH COBALT (XZ), MXCHBL (XZ), 
COPFEH (X), ZZHC (XX)« OADiflUK (XX), KERCURY (XX), 
fhAXimU (XX)» PALLADXOM (XX) AHD OSlfXUM (VX). 
73 
(llyooX4iacr««pte«a«ta%« (ODIU) of 96 pw emit purity 
«•• obtained tvom Svani ChMMtlot Zno.« How York* U.S.A. 
ond woo uood without furthor purifieotioii. All othov 
eboaioolo utod ««Po of AnoloR or ehoaloolly puro grodo. 
Alvsyo froih oquoout aolutiono «oro proporod Iqr dU'oot 
voighiag. 
fho dotollo of pliyoiool Motbodo aro s l v w in 
Gboptor»XI and Chaptor*ZZX. 
frfpyj^^tl 9^ <?Wfflfifff 
^¥»3H {Ul " QW CWP^ »»« *n aquooua aolutlon 
of oobaltoua ohlorido hoxaliydrato (00 •!» O.S H) vaa addod 
to an oquiwolar (100 M1) of OOMA in othanol. AdditiOA of 
f ov dropa of aonotiitratod laOH dovolopad a dark plak 
oolour. %• oolour intantlty vaa •axlanai botvoon pB 4*g. 
A dark raddiah praalpitata vaa ttioB abtalaad a« liaatlag 
tha aoltttloB ovor a vatarbath. Aftar aaollaf• It vaa 
flltarad and vaabad aavaral tlMO vlth vattr* atbaaal and 
f inallf vltb aaatoM. Xt vaa laaol«ibXa in vat«r aa «*U 
aa in otbar orgaaia aolvaata but partially aoluiblo la 
DUO. Xt vaa f oiaid to daooanpoto at tOO^O. 
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Aaaiytisi [f^Cfilgll^O^ag)] r«i|ttirM9 G»« 8 t . M | e» fi««S»| 
•eapl«x waa praparad by tha aami proaadura aa abava u a l i ^ 
aiakal ahlorlda haxaltydpata aa Maftal aaXt aalutlan* Xft vaa 
iaaoXubXa i n aatar but part ia l ly aoltibla in aldiaralbm* 
aMPlHrnta^aahlarida and inaolttbla i n ethar aaaaatt M*g«iia 
aalv«i%a« I t vaa founi to daaoapeaa abava 800^0. 
Aiialyalai C'^ ^OdHftO^Sg)] vaquivaa* 81* 89.08| 0» s^«84t 
Ut S .Ut S» i8.M)C. Faundl 8l» UU.4Bt G, 31,48| H, S.78| 
s, is.deiC. 
CmiDar ( I I » ( » « ! Caaolaai Aa aqulMlar a<att%latt 
or ooppar-atilplkata paatabydvata l a vatar (80 l a * 0*8 8) vaa 
•ddad «o ^MA aoXttUan (80 « I ) i n abbaaal. ATtar sUlBi» 
a danaa yaXlaviih praalpibata vaa abbaiaad tMadlataly> 
m i a yaUaviab praalpltafea vaa ^ a n allavad ta abaad fbv 
a fav haura* fU8arad» vaahad vibli va8ar and atbaaal aai 
driad Im vaawa ova» aalaivii ablarida* 1% vaa laaalvMa ! » 
vabar* a«lMMal» btnsaM but pavbtall? mX^Mim i a aiaavarafiik 
•avboMbabvaaiaavida* INMO. 28a daaaw»aat»ia» «««paraiiwa 
vaa tOi^d. 
doaliraUi [^0ii,(«||%048g)||] ra^i ivaa, Ov« •d .d t l Ot 8T«f8| 
1 * »*0V| 8« 84«i8l(* FoMdl e«» 88.96I 6 , 88*t0| 8 , • • f i | 
8» 84* l t ) l . 
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Unm ( I D . O a d l y (II) md jtorsuwr (II> fl«ii>l>««ft 
ifitte mMUt lh« MUX Mi^yUxM of Zn ( I I ) , 06(11) «i4 
i s (II) with ODMA ««r« pr«p«r«d Hy «b« g«i«r«l •tbaiiol 
4«««rib«di l»«le»t* A solutioii oT liydrat^i M%al •••«•%• 
(0.8 M, ao Ml} «•• ad^aa to wi AiiulMolar Mltttlen of (SmA 
(50 « i ) in •thanel* Itetal •cmplaxoa WKP* pr«olpit«t«4 
iaM«4i«t«ly on nlKlBg tli« two togo«h«r« Ihm ooaploxoo • • 
torm^A voro flltorod* wMhod with «ftt«r • othiuiol Mlxturo 
•nd •••tons ond driod In vaoue ovor oaaLoImi ohlorido. 
2;ins ( ID oonplox vaa whito in ooXour» Cadniiw (XI) ooapXox 
««• l ight pinlci«h* vhiXo Ufn^ oui^  (II) ooaitXoJt «•• bXaekioh 
in ooXour. Ttim CadmiiMi (ID ooapXoat w«o ligrgroooopio in 
nfttnro. Zino <XI) ond Cadaiun (II) ooipXoxoa ««r« partiaXXj 
aoXiibXo in vfttov M VOXX «• in oomon organio aoXvontd 
trtkiXo noroury (II) oonpXox vaa totally inaoXubXa* fho 
doooMpoaition to^;>af»«turo8 of StodD* Od(II) and Bg(II) 
oo^^Xosoa 9W 170^ (n.pt.)* 190^ aaA 920*^0 M«po»tivoXf. 
AnaXyaiat t » ( « i V 4 % Q »»<Ittiraa, Zn, ed.Wi C. §7.561 
R» a.50| S» S4.45<. Fovndl »»# fi4.84| 0, 88. i0 | H» 5.St | 
S, e4.40)(. [o«(0ijl%048g)^ ra^iiivoa* 04, S5.4fit Of 85.5tt 
B, l».a»| &• S0.V4)(. rounftl 04, »4.t4t C, S4.55t B» 3.S8| 
S« 1».«0^. ^<6tPiC^a||)] ra^iroa* Hg» 50.541 0, i 8 . i 4 | 
U, S.Oil 5, Id.tSK. Famdi Bgt 49.M{ 0, 14.75t H, i.Tftf 
5t i5.94lC* 
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PlmfcimiaC^n - flp»^ Ci^ iy^ ^H. ChIeroi»lfttlni« ••14 
•olutlMi (O.S M« 50 Ml) «•• •«4^4 ttt an •qulaolwr tolttUoa 
of QitmA <75 A ) in •ttuuMi* On nixinf th* tii», an •r«if» 
oolour »•• ^•wlop9A. 'Sb9 racial ting aixtur* »•• filum%* 
on • •t^anb^tli for about fois* houra and on eooling an 
or«n«« proeiplt^t^ vaa obtftln«d. tb» pr^e&plt^t^ «•• 
flltar^d* waahad thoroughly with vat«r» •leohol •nd •tta»r 
and drlad at 60^0. fh« ooiiplox w^ a inaolubl^ in «•%•» 
hut partially aolubla in oonaon organic aolvanta* I t 
daoonpoaod at 660^G. 
Analyaias (/^tC^I^O^gg)] r«quir«a» Pt, 49.e7| C, h .991 
H» 2,041 a, ld .94<. Founds Pt» 49.26$ C, 16 .9S | H* i . 9 8 | 
Poll^diun CII) «. ODWA Oowpl^ ai i^ n •quinolar aquooua 
aolutian of poUadiun ohlorida (0.2 n, 60 al) «•• addsd 
to ODflA aolution (V6 al) in otlianol. An orgango praaipitato 
vaa o^tainad ianadiataly MI nlsiag th« t«» tog«tlMr« Ttut 
yvoaipitat* wtm dig^otad on vatMPb t^h for ftbout ono liour. 
Xt «•• ooolodf filtMPod and vaalMkl aavaral tSaoa vitb 
vataiv alaohol and finally with othov. Zt vaa than dri^d 
in va^uiM d^aiaatov ovav aAaiun •lilarid^. Zt ««• 
inaolnbla in vatar but aoliibl* in •laoroDam and partially 
aolubla in ottear OOIMH ovgania aolvanta. Tha aonplos 
daaonyoaod at Sdt^C, 
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K» S. l l t S» 19.94J(« ftouadl M* »8.04| 0» 84.80| 8» ««8f| 
S» 19.80)1. 
Qi«lm (VI) > QOm 0«»X»«t Aa •quiaolar (0.8 N, 
60 a l ) ttquMus aolution of owa,iM totroxld* «a« a44«d «• 
ODMA aolufeioa (60 «1) in •tlMiioX. On aixiiia th« ««§* « 
tolaekiah turbid aoXutioB ««• obtidaMi (pH around 4.0} 
imodlfttoXy but tho eoi^lox eould not bo oxtrootod «ith 
OMMon opgwilo aolToato. On boating a pM*tlon ofor atoasfr* 
bath, tho rosldtto lof t aftor ovaporatlon etmld not bo 
or^atolXliod duo to Ita atloky naturo. T^bo roKolnlng 
roaetion alxturo vaa troatod with eoaemtratod HoOH 
aoXtttlon to raiao tho pH^ 10 and hoatod on atoairi»ath to 
rodttoo tho veXuao. A groylah-brown ooXourod ooapXox 
foraod waa oztraotod by ualag ohXorofora aa a aoXvoat. 
Tho OhXorofora oaa thoa ovaporatod and tho broaalah^bXaok 
ooXourod ooapXo* ao obtainod oaa drlod at 80^0. It oaa 
Ibaad to doooapoao at 180^0. It waa aXlghtXy aoXubXo In 
oator bat ooapXotoXf aoXubXo la aoat of tho OOMBOB orgaalo 
•oXvoata* 
Aaalyaiai [oi(OH)g «^Bg048,)9] 88^0. rofniroot 0, 88.80| 
B, 8.8tj(. Foaadi C» 81.8tf H, S.98)(. (Look of a ouitalbXo 
Mthod for OMiua oaaXyala la tho oo^ ^XojMd otato provoata 
tho aotoX oatlaatioa). 
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RISIILT8 AM) DiacoaaiQM 
1!h« al>«>v« r«por««4 AMonpoaltioii t«ap«r«tur«s ilii«]| 
ranStt f r w ItO^C to 908^0* staoir that th« ooi^pltx^t « • 
th«rMill7 (juit* stftbla Mio«p« Cu(l),Miipl«jc vbloh h— 
d«oo«poaition t«Bp«ratur% lOi^o. th» eb«WY«4 »»Xay 
oonduet«nG« va2.u«« in dia««hyIauXpho3da«, Tttbl».ll, «hiob 
Ii« btttMca £.8 and 6.« oh*** «i^ •ol*"^ obvioualY iiidi«ft%« 
«h« oeii>«l«etvoXytle iuit«r« of thoto eonploxos. Sho 
magnotie aoMont valuos for th««« oospXojiot aro tO-to 
roportod la 7«blo»ll. 
Oobalt (II) « ODHA CoMPloxi CobftXt has an aXaetronla 
eoBflKuratloR 9d 43 • tha haxaaoordinatad eoapXaxaa of 
4*7 ioa aaeh aa Co(XX) would bo hlgh-apin at tha «aak fiaXd 
and Xo»-apin at tha bi |^ fiaXd Xiaiit of tha Xlftand fiaXd. 
The ttK) atataa ara axpaotad to hava ooaqparabla atabiXltlaa 
aoaaahara batwaan t«o axtr««aa wXthin a raXativaXy aMaXX 
van«o of fXaXd atransth {146). fha apln orbit ooupXint 
•enatant for Oo(XX) ion ia ^ « 170 a«*^ (9ft). Ooaao^uaiitXy* 
a high«>apin oatahadraX aovpXax i*t^ groiiBd tar«) ataoiiX4 
Xaad to a aa«Batia sonant of ^bont 5*80 B.M. at 800^ or 
aonaahat Xovav if thara la any diatortlon la tha ragitiLap 
oatahadroa aa raportod in aaagr hlth-apin oatahadraX 
aonpXaxaa of Co(XX) (14», IftO). On tha apln palriaf 
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«pbU«l (3 « 1 ) (97). All th« •quar^.plMMr «i« tti* 
•tronglar «««r«soB«l mi«« «Ftt of th« le«.«pia ty9« tiaviim 
on« impaired •l«etren« Bomvcr* th«r« i s • vary Itirg« 
orbital oontrilnttioB to th« aagnatio aoMant to that tho 
•ffoetiva aagnotio aoBaats for titaao eoaplaxoa gonaraUy 
Xio la tha raago e.SO to £.90 B.il. (fiS). Agaia* i t ia wall 
kaooa that alx eoordiaatoA lov.apia eoaplajEoa ojAiihit 
aagaatio aoaaat oaXj ali i^tly highar thaa tha apia oaly 
•aiua via. 1«90 to e*00 B.M. (103). Our ohaarvad aagnatio 
B»}m&nt vtaua of 1.99 B*m for Oo(XX}*ODMA ooiq»Xax» TabXo<*ii. 
th9 vaXua of this aagoatie ao««at ia quit a Xowar thaa 
that for a(ittara*pXaaar or ootahadraX eoapXaxaa* This 
Xowaritog ia aagaatia aaaaat i s dua to tha 7f •boadiag 
affaots* tha aiaqpXa oryataX fiaXd pietura* tharafora* ia 
oxpaotoA to braalBloan. fha ai|tt«ra»|^aaar ataraoahaaiatry 
ia auggaataa for Co(IX)*OD]lA ooapXax* Xt ia aXao atipportad 
by tha viav of MjhoXa (62 • 69) that tha teubXo boadiag 
batvoaa tha Xigaad atoa aad tha aatiX atoa ia aa iaportaat 
faator favour lag tha aquara^piwiar aoafigoratioa. Ibo 
too atraag JT -boada aaa ba fomod at right aagXoa» aaiag 
M aXaotroa pairs of m traaaitioa aataX atoa aad vaoaat 
p ar d^orbitals oa tho Xigaad atoa. Thus* tho Xigaada 
ooataiaiag atoaa or «Poupa oapabXa of foraiag doubXo boads 
with aataX atoa a.g.* S» do Ibra aqaara-plaaar aoapXosoo 
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«i%h liivaXMit BIOIMX and «obftlt afeoMs* BMI«»« %b« aifitttPt* 
plftBaF starMohiaiatry la augs^t^*^ ^or tba abova OatoaXft (X9 
aoim>Iax. 
lh« thaoratiaal davalepiaaiit of tha alaatrenia 
apaetruM alao laga biOiind for ooi4>ariaoa (161). Tha alao-
tronio apaatnm of tha Co(U)«(lDMA ooHpIax* Fif.»t9 
eonalata of only eaa broadi tranaltlon banil at 18.67 kK* 
1)30 ordar of tha anargy Xavala vaa doduoad <103) Droa a 
8l^>la point* olrarga aedal. 
In » f laid atrone enough to ecuaa apln pairing* tha 
nmvun aXeetrona of Cobalt (ZZ) would ba dlatrlbutad aa 
follow*I £ In tha d^ orbital* 4 In tha ^ t d^ ^ daganarata 
aetf and finally ono In tha A^ fK'bltalf and It la tha 
laat olaotron alona whlah Is raoponalbXa for tha aagnatla 
propartlaa of Vhm ooatplax foraad. Tha magnatla •owaat 
ahottld oorraapond to Uia ^pln only valua for vnm vnpalrad 
alaatron apln axatlpllad by a faotor of [^14<^^)J* aiiaro 
A la tha alnglo alaatron apln orbit eoupllag ooaatMt* and 
A l a tha aaparatlon batvaan tha dry orbital and Ito 
nolghbourliMs 3^TO1IU liowowar* thla affaat la aufflalant 
to aoeoiwt for aeaMinta of only about 10)( abova tha apl»» 
waly waltia i*o«* upto about 8.0 B.I. 
200 800 1000 AOO 600 
WAVELENGTH (nm) 
Fig.22 DIFFUSE REFLECTANCE SPECTRA OF GLYEOLDIMERCA-
PTOACETATE COMPLEXES OF la) COBALT IH) AND 
lb) NICKEL I H) . 
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nils ttoa^l^x i s ttiMloubt«dX7 planar slnoa this 
•Wraooha«iatx7 la liq>eaad hj tha llgand. Ihla la furthar 
aupporteA toy «ha X.B. apaatval atudlas. 
Mlokal (Hi « gpMA Co«Dla»t 2ha 81(11} ion with 
•leotronlo oi^nfIguratlon 9d® la axpactad to fern oatahadraX* 
tatrahadpal or dinmagnatio aquara-planar ooi^plexaa* 
Hovaver* tha posaibllltiy of paramasnatlo aciuara-planar 
oomplax cannot b« rulad out aa auggaatad bf Makl (1£3}. 
*Shm avoilabla affeetivomasnatlo noaont data for Hi (11) 
ao^plaxaa olaarly indioato a ranga for hlgb-apia (X) 
oetahadral (ftO), 9.ISO to d.40 B.M. and (XX) tatrahadral 
(6S}» 3.00 to 4.00 B.II. Tha Vi(XX) ao^ftlaxaa of thiol* 
wara uaually found to ba diaaagnatio and aolubla ia son-
aquaoua polar aol««ita (92, 59)* In tha praaaat oaaa* 
iri(XX).ODiiA eoi^ >lax voa found to ba diaaagnatio (fabla-ll)* 
and partially aolubla In aoat of tha noa«4quooua polar 
aolvonta. 2liia elaarly i&dxaataa that tha ai(IX)-(H»U 
ooavlax haa a aq^aro planar ataraoahaaiatry. 
Aaoording to Xyhola (5S), four coord inatod oovalaat 
XldX) eoaplaxaaf v^an diaaagnatio ara uaually rad* broMi 
or yallov and ahan paraaagnatie ara i^aan or blao* TbMa» 
tha dark broaniah oolour of tha lli(XX)«ODHA aoaplax* 
furthar aupporta tha diaaagnotio four oovalant (aq[aar«« 
planar) ataraoahaaiatry of tha aoaplam* 
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Ibis ooaeltttloD ! • further tuppertttd h$ «h« 
•iMtoonio •pMtruM of tli« M I V I M «hieh ihows «lir«« bands 
•% ! « . • • kK, 17.86 kK and 38.4« kK (Tabl«.ll). Yha a i^MT*. 
planar Xi(ZI) oeiiplaxaa hara hmtfti aho«n to bava at tlio 
•eat thraa toaada* Tha firat sanaraIXy appaara In aoat of 
tha mill) aoiq>lexM in tha raglon X&.OO to 18.00 kK obUo 
tha aaoond and third band* are oftan not obaorvod (68« l&i)» 
1%te obaarYod banda at 16 .Oft kK and 17.86 k£ w tho 
eharaotariatle banda of aqtiara^planar ataraoehtiilatrjr 
eorraapondlng to tranaltlona A^|^ g « ^ B^^  and ^A^ <-^ 
^%g ro^pootlvolj* 
Copper (II » GWA Oonplaatt Iha olactronlo eonfigii-
rftftlon of copper aton ia »d*® 43^ and» th«r«foro# univalent 
eonpounda would ba diamagnatlo with linear Sp or tetrahedral 
Sp'' bonda and axeept, Where oolour reaulta from the anion 
or oliarge 1»rwnafar banda^ eolourlaaa (to) , the Ctt(ZZ)» 
heaeTer* eontalna one unpaired eleatron (oonfigwratioB i } 
and would be paraaasnetia (fid). Tbt aoi^lax under atudj 
ie diaiia&netie* Tableau • 1% teeaa, therefore, that the 
Ctt(ZX) ion uaed far the iaolatlen of the ooiQ>lex have boon 
reduaed to Ou(l) during the oonpl** foniation* fha 
rodaotien of the CuiZX) to Ou(I) by organia thiola haa alao 
bean reported previously (61* 166* 164). 
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A pets iM* MMilMBiMi for %b« roduetioB of ttui Ou(IX) 
tif GS>liA oouid bo Aoouaod oo followoi Tho Cu(XI) Ion i f 
oholotod iallsioXly toy tho ligon4t gi^l&t * tranoioiit 
ooapXox (ZX) oliidli undorgooo on Intoniol olootroa tronofov 
tPtm oao ouXplxuup %o tbo ooppM* ion to roduoo tbo roMtivo 
fpoo rodieoX (ZZZ}» ooeording to tho foXloving oohoMOt 
Ctt®**<ro«A OHg 0 * 0 -
- s : 
II ^ . 
CHQ • 0 • 0 • GBjg • S: 
(11) I 
• s caip .» 0 •- c • 
Jl 
(111) 
3ho rodioaX omA oould thou dlooooioto Aro« tho 
ooppor and thoa oottplo idtti oaothor ODMA rodiooX giving 
tho [oa^(aDMA)]g ooaplox (ZV)* obioh it Ihoa ohaagod into 
tho ^(ODIIA)]^ (f) 
II 
« 0 «• C • OB^ • 8 
OHo • 0 • 
CHg - 0 • 
C - CBo • 8 
\ X 
x.. 
0 • CHg • S 
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8 • GBg - C • 0 • C!Hs 
3 • QHo • C « 0 • CH 
(IV) 
a - HgC • c • 0 « 
8 - Cli£ - C • 0 » GH. 
'S 
(V) 
th« dlffua* r«flttelianott apAelafa showt no tr«Dsitien 
b«ads, <Fig.«8e, T«bl«.li), as Gu(I} haa 4^^ alaoftroiiia 
oonriguratioa aiallar to tttat of XX b aut>«gFoup alMMiita. 
'2ha alaaantal aoalyala furlhar oonfiraad that tha eoMplax 
haa oopiMT in univalant atai*. ^ a «aat aoaaea gawaatry 
for Cu(X) aoaplax having coordination nuiahar fota* ia 
tatrahadral (60). ffana* tha oaaplax widar atudy haa tatrafe 
ha«pal ataraoahaaiatry having ^ hyhriAiaation* Yhia io 
Airthar aupportaA hf I.R. apootraX atii<ioa» itiiah auggoat 
that in tha aowpXax aoerdination takaa pXaaa thraugh hath 
aHXphur an4 axygan atoaa of tha Xigani* ^ua* thia 
tatrahadraX ataraoahaaiatrjr ia inpoaad toy tha Xigani 
itaoXf. 
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glut ( I D . CmAmt^m ( U ) «a« Uwman (II) I I » 1 > « M 
with QDMAt For group (II) •Iwmfts* thmf i t no o i^Aonoo 
for oxidation ototos bighor tlian too* Thoroforo* oi l 
ZnClI), Od(II) and Rg(II) ooMpIoxoa abould bo dioMognotio 
and will, liavo no ligand fioXd atabiXiaation offoota owing 
to eoi^loto d-aiibaboUa (ii«)« AU thoao fora atablo 
ooa^loxoa with ODMA* Zn(II) eo«plox ia «hlto« Cd(II) 
eoaplox ia l ig^t pink ohilo Bg(XI) ooaplox ia blaokiab in 
In th9 prm»mi% Zn(II)» Cd(II) and Hg(II)oiwipIoxo8 
vith ODVA* tho analyaia for »otal and aulpbtar lAiova tbo 
aatal to aulphur ratio aa i i 8 and tof found to bo diaaagnoti 
l i th oationa of aooond aub-groi^ of tbo poriodio 
tftrntk, aoneidarabXo diffaronooa in tbo intoraotion of 
tbaaa aubat«iooa o«i bo oxpaatod* owing to tbo aubatantial 
inoroaao of tho affinity towarda auXpbur in tbo ordar (fti)! 
^(XI) L Gd(IX)Z^ llg(XI). tbo doaottpoaition tMvaraturoa 
and aoXttblXitjr oXoarXy abowa tbo variation in affinitios 
of tboao aotaXa towarda auXphur in tbo ooapXosoa. 
fhoir diffuao rofXootanao apooo^a abowa no tranaition 
bands. Sinoo tbo Xigmd ia sating aa a totradontato in 
ita oonpXoxoa with 8n(II), Od(II) and Hg(XI). i«iiob usuSXIy 
adopta a ooordinaUon auaibtr fbur with totriibadraX 
staroo^aiaatry. Ibua, i t ia oonoXudod that tbo Xigaad 
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QPMAi Sh* n(XZ) and M(ZZ) ao^plMMs of cttl^vur ooataia-
ing lig«ii4» hav« totwi th« aubjaet of oxtoativo ourrtnt 
invotUgatlons miiiaar Avm to tho fora&tioa of thiolobrldgoA 
•opploxoo (e i * 131, 184, 19S, ! • • ) * OonoldavoUlo lii««ro«« 
havo boMi ottMliod to ttio lugitotlo preportloo of group 
(VZZZ) aotolo of oooond and tlilird row tronaltloa aotol 
• •r loa oOf vary of taut tha Band* a rulo of vudUiua apln-
• M l U p l l o l ^ l a not oUagrad, fba f%(ll) and rd(XZ) l lko 
MKZX), hovo an aloatvoa eoaflgurotlon d®. Ixoopt la oaao 
of I I ( IZ) and Ctt<ZZZ), vtoora apln-Afao ootabodroX 
aoaploxoa oeatolaing two mpolrad olaotroaa aro oxpaoto4» 
tho d^ aoMpZaxoa ara gaaarally aquara-plaaar and dlaaogaatla 
iBYolvlag dap^ liybrldlaotloB (137). fho P%(ZX}, wdlko 
VKZZ) BOYar foraa oatolMidiPal aonploxoa. HovavaiP* la 
aolutloBf «taaro w ladlaatloaa of oatalMdvai ooapXaxaUoa 
duo to addltleaaX waaliar Imida* oooupiod Iqr doXvoat 
aoXaottloa* »% tha vaaaat oataliadpoX aitoa (1W}« 
Za tha proaoat ntXX) aad PdCXX) aa^^loxoa v l tH 
ODHA* «ho aaaXf a U for aatoX «ad aaXphur alMoa tha aataX 
































































































(»|DOS XjDJ^iqJV) 30NV i031J3y 
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Ft(ZV) ioB tt»«4 for th« iMlfttioB of th« •oaplM htA h*m 
r«Aa««4 to Pt(ZZ) durias tho oo^lox fovmUoa 4tt« «• 
roduoiag liohavloiup of Mroaptans ( ! • • ) • F^«h«r» ttio 
•ftgiuitlo aoarat Boftturownts (TA^XO^U) •hev th«« tootti «IM 
ooapXoxos aro 4iwHigiioti«. Vho tflffmo voflMtmoo i^ootra 
of tho Pt(ZZ).a0MA oo^»lMi« (Plg..S5) •bo*» • Mximw m% 
91 .Se kK vlsUo tho lo«o«« oiMrgy tend of M(ZZ).ODiU 
ooB^lox (Fig—£3) oeoiir* «t Sft.OO kX. flMto baitdc oould 
bo ottrlbutoit «o M «i^ L ohargo traatfor troaoitioiia 
oftor Uvltigatono ot .o l . ( i s e ) . Thus* m aquaro*pX«ii«up 
•t«rooob«Mistry eon 1M propoood for Pt(ZI) and Pd(n} 
ooa^Xoxoa with CHMfA* 
tli«rMograviiiMtt>le analyaia of M(XX)«><}DltA ocMpXos 
ahowa InitiaX voight Xoaa at 110^0 oorroapoBdiag to ono 
vator aoXaoBXo (CaXad. m B*€t%0 Found « 4.ttO)() aa Xattiao 
vatoy* 
9 l i l l l iYt> > f;>«fA <?1Mtf;^ tt« Osniun ean aaaiuao diff . 
•voBt aoMNliaatton mmlMra dapaoding ttpen tha oxidotlon 
atmto • f «ba aotaX (188» 180). fha Oa(VX) iMa 64* aXoatron 
•onflgupation. Xta aoapXojMa ganaraXXy ai^eetad to bo 
o o 
diatortad oatalhodraX v&tli t j . aonflguration* 9lio t |^ 
aonf iguration ateva anoaaXoua aagnatia bahavioiir dno to 
lilgb»apin ovblt aoii|»Xii« aonatant vaXna of tha sotaX. fte 
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•plii«>«rbi% oeupXing •onstant for Os(VX) is ^ c ^ 0000 M T ^ 
(8ft}. Suoh a larg* ¥«lu« r«n«ofet ihat iiit«m«4ift%« 
oeuyllag •ff««t« ar* laportaat la ••t«li«4ral toajplaxat 
of haxavaliMit O M U U M . Th« apln-orblt •oupXing •oaatmlt A 
•agr ba ragardad aa a aaaaura of tlia aaan anargjr aaparation 
batvaan auoeaaaiva poaalbXa valuaa of J for tha flaid* 
tif atoa. nsyaiaaXly it indiaataa Uightaaaa* of 
aoupling of tha spin and orbital angvilar aoaiaiita vaotora. 
Iba atrangth of thia ooupXing dapanda ttpaa tha iatanaity 
of tha alaatrie fiaXd ahicdi tha aXaatroa anparianaaa* 
Ihia f laid inaraaaaa in iatimaitar aa «a gat naarar to tha 
BuaXaua* Bmao* A inaraaaaa with (i40)t (i) tha aharga Z 
OB tha mioXaoat (8) tha axtant to ihAah tha aXaatron 
approaahaa tha auaXauat that ia* tha panatration of tha 
orbitaX and tiaa ahlah tha aXaotrao apanda aaar tha 
WMXaual (8) a third but aaaXXar affaat viXX ariaa fra« 
tha vaXaaay of tha ato«« Aa aXaotroaa ara Xoat bgr aa 
ata«» ao tha aXaatroa lihaXX baoaaaa aora aoaoaatratad 
(ar in.9% varaa) and ttiia ia turn affaata tAia aXaatrii 
fiaXd to ahiah tha aXaatroa ia aabjaatad. KatMi (idO) 
aaaaiaad thaoratiaAXy tha aagnatia aaaaaptibiXitiaa 
ariaiag fra. tha aoafignratioa t|. to t*^ uadir tha 
porturbatioa of apia orbit aoapXiag. Aaaardlag to Kotaai 
thaavy, far a 4 g •oafigiiratiaa, m a r a thara ia aa orbitaX 
dagaaaraagr* tha aaa«nt viXX aarraapaad to apin*«BXT vaXaa 
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(pirfttimia «h« aMMnt will 1»« a«rk*dlf 4«pmd«Bt en «h» 
««ip«^ft«ttr« and tba •piiv-orblt InttrMtlMi. fh« Kotaai 
theory pr««iot« « awMiit c.f i.SS B.il. for • i ^ ••ofigMratlMi 
Zn UM pr«««nt ««••, th« analysis aliom «h« «•%«! 
to aiilj^iur rsfeio as l s4 . X% Bmwm; ttMrafor«« that «h« 
Oa(VZZZ) loa uaad for th« laolaftioa of ttaa oo^plox hmi Won 
rodaood to Oa(fZ) during tho ooaplox formation dtto to tho 
rodttoiss toahoviotip of naroaptaBa (IM) and alae In alkallno 
iMdiiM i t roduooa on hooting to Oa(fZ} (i38}. Fortliaraero* 
tbo aagnotie aoaont noaauraMontf Tablo«ii« ahooa that tho 
ooapXox ia dioaognotio. Xho oharaotor of thia aoaant ia 
aurprisiag and in aarkod oontroat to tho parwaaipMitiHi 
ojpoetod for tbo proaonoo of d^ olootroaa* Tho diaaog-
Botioa of thia Oa(VZ) eoo^Iox ho^iiig d^ oonfigurotioa 
oanaot ho oooountod for on tho baaia of Xotanl thooty* 
tho dioMghotiaa of thia ooMplox mmg ho ooaaidarod oo ft 
hroAdoiM of Itaiid'o n a o thot iof tto^g iaw»3ro apiap>apl» 
totoTftotioa ( i«0). Ihia Mgr ho oxpXoiaod dtto to tho 
yooaihUfttf of aplA»^oMhii^( hgr Motal^iaotal iotorootioa 
or throm^ • fttroag JT^doaov bridging l igwd (140)« 
Oaaiwi ohevo in i t s hlght» oxidotion atatoa o highor 
offiaitgr for oqrgM mA for mlfitm' than for aitrogan itoiio 
tho rovaroo i s tmo far tho looor oxidotioh ototoo (ii9>« 
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tttiiig 8a««l»««p«ii pairs of a tranalUon mmtA atom m d 
vaaant p or 4 orbitala en tha ligaad atoB a.g* S (167). 
Thla paoullar bohaviour of OSMIUB la aaaoolatad with ita 
ability to foria high oxidatimi atata ooapiaxaa* aiaoo thia 
»atal atoiB haa f ow doolaotrona« and oan aooapt alaotroaa 
fro« tha atrong yy-donor bridging ligaada. Ihia furthar 
supportad by aaaualxtg tha tatragonal diatortion of tho 
ootihadron (Oh — ^ ^ 4 h ' >^>^ »^i^ ^ about by tha bonding 
throagh tho atrong jy «d<nwr bridging ligand atoaaf is 
suffioi«nt to oauao pairing of tha spina of tho two d^ 
olaotrona in tha Xowor dry Xavol* Thus* it ia eoneludod 
that tha two d^ olootrona in Oi(Vl) eomplox pair and oauao 
tha ooB^ox to bo dianagnatie. 
Tbarnograviaatrio snslysis of Os(VI)-Ol>iiA sovpiox 
shows initial woigfat loas st iiO^C oorroaponding to two 
watar noIoeuXaa (Galod* a 6*b%%, Found • f^.W%) as lattiso 
Tho distortod ootshodral ataraoohoatatry ia furthar 
aupportad by tho roflootaneo apaotrua, iftii«>h ahowa two 
banda at fie .€8 kK and SS.OO kK (Fig*«8S). Thoao bands hsvo 
baan attributod to tho M ^ L oharga tranafor tranaitioas 
U9», idfi). tha abovo strusturo is furthar supportad tf 
tho X.il. spootraX studios* 
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Infr«r»4 8p>etr«t fki« iiifr«r»d a^MtruB of feh* 
ligtmA, Fig, .£4 «nd «h* eo«ipl*x««, Flg..e» to 99, wmf 
PMordtd in tiM r«gioii 4000-400 oa*^. Tli« Ipportuat toanAi 
•ad th«ir Untativ« •••i|pui«ats w gXrwn in TaM.** iS and 
i5 . 2« fllbouXd b* notsd thm% th« S-H •tr«t«biag hmoA ( iS i , 
i40, 168-160} St 0670 on"^ in the ligand dl»«pp««r«d on 
eoMplexatioo* Thia auggaata daprotenatlen of tha aulpfaydyjl 
faydrogan foXlowad by tha foraation of M-s bond. 1!ha 
foPRMtlott of M-s bond la furlhar aiipportad t37 tha Xovaring 
ill fV«(|uanelaa of tha ^ C - 5 ) , ^(S-OHg) and «„j|g (S-CHg) 
Tibpatlona (161» 16%)• Purthamore* tha atratohing (C • 0) 
Tibratlona (162-166) at 17C6 en"^ in the tV09 Iigand« 
abifted in al l tha ooi«»laxaa indieatlng tha for«ation of 
eoordinatad bond batvaan aatal and tha oiqrgatt* nnia* tha 
aoordinatiOR of ODMA with Go(XZ), lli(XX)« Cu(X)» %(II) , 
Gd(IZ), Hg(XI}» Pt(IX) and m(XX) la through both auXpliur 
and oxygen* A band obaarved at 6460 oaT^ in tha Fd(XX) 
and OaCYI) eoapXex indieata the praaaaoa of vatar aaXeaiaaa. 
»io^CHK«t heaoyar, ahawa a band at »40-aa^^ aaaigpiod-^ 
the praaanae of -OH bridging in tha eoaq^ox 
rK4(Cog(0X)4(0U)j|] haa bean ataovn by laKaaoto and aoaorkara 
(147) at about 1075 o«"^. Madiua baada at 1060 and 1060 oa 
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in •« • • of Ot(vz) «<Hi^ «x Mgr «)wui IM •••Igmid «• Vtm •W 
torldgint vtlnfaiioBs. ¥li* te«i4 •b«trv«« «t 670 MI*^ U 
•••Igiitttf %o th« OS • (OH) stTAtohlag mod* <146}« fli* 
•tr«%ohiiis "^ vil>r«%ioiia, ho««v«r» a^mw »• • •trong 
toaai m% 94fi0 m**^ . Xhla indUA^os that tli« two -OH groups 
in Oaalun (VZ) ooi^ pXox oeoupgr t«o eoordlnaUd i»ositio&o MA 
otlur four ooordinftftlon positions srs oooupisd by suifribw. 
I^sroby aakiiig th« soaplsx of sn six-ooordinstsd oetshsdrsX 
stsrsoohoadstry. the ppossnes of Xsttieo vatsr was furthsv 
stipportod hjr theriaograviBotPio analysis* Tha infrarad 
studios thus support tha snalyoia and alaotroaio spoetral 
findings rapc»*tad ahotra* 
OonsXuaioni aiyeoldlaaraaptoaaatata (QQIUi), 
^S^OOoZS^^^* '**•• •*'*^* «w»-«i»d*«'»llW« «onplaa*s 
with Co(ZZ)» Wi(ZX}, 2n(XZ)» Od(ZX}» ilg(XX). Ft(XX) and 
Fd(IX) of tha gsMsraX fom (M.I*) <« a natal* h a ligaad) 
and with Ott(Z) of tha typa [^ l%(L)j[] and with Oa(VX) af tha 
tgrpa [li(OH)g(L)^« 9haiy atmatiiras ha?a haan aharaatapisad 
OM tha basis of tMgaatia and apaatraX stndias* Tha Xigaad 
in thasa aonpXasaa anaapt Oa(VZ) aonpXax aota aa a tatva* 
dantata» aaardinating through hoth 9 and 0* Iha Oo(ZZ} 
aoapXas i s squara-pXanar with nagaatia M»ant af i . M ••M, 
This raduation in na^iatia nsnant vaXwa ia dua to tha 
7T-ho»ding offoata. li(ZX) fowM a dianagnatia a<|iMvo* 
pXanar as^^ax. Iha aoppsr fama a dianagnatia tatrahadva 
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•oapl«ji« iavolvliig Sp' bgrlM»i41gft%ion* in «hi«li th* Cii(X2) 
i t r«duo«d to Cud). ZndX)* Od(IX)» aatf Ms<XI) ^Mipl^ XM 
•r* t«tFah«ltat»ftX. Pt(XX} aod H(IX} 0o«pX»3i«» «?• »qvmw* 
pXotttr. Xa 08(VX) «oH|>X«x« th* XlgMid ftofes M a bidontatw 
ooomiiiAtliig tliro\igh both S oaXy tnd i t s six ooordinatloA 
•Itttvatt !>• ooapXotod through -OB groups* 0«(VX) eoMpXox 
i« dl«iii0Aotio and diatortod oetabodraX* 
ASALmOALESTZXATXOVS* CALQ\ilATlOS OF 
KFF^TIVS MACHIEfIC mtmf JiMD 
H^AL SQLPBOa LXMl 
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MMHWTIII i\ftmmJkJL 
Th« aagii«%ie aonont vMtupwMsts of th« to lK 
eoaplox in %h» ponder fom vtro Mido Iqr Oouj aothed oaploy* 
iat Bg[^ Go(CM3)^ l OS o eolltoramis eonpouiid •« SOO^ 
(ym s i<}*44 X 10"^  o.g.o. unit*)* 
Ih* groM miteoptibllitgr of the uaknovn oapplox va« 
oftloulfttod hf ttf uoo of tho r«]Lotion (114). 
IHMTO c<it • oonstMit allowing for ttio dl«plaoo4 air* p i s 
tho tubo oolilnrotion oonotant* u) i« the tvoight of tho 
•pooinon oadi F^ io tho foreo on tho opooUion tokittg tho 
foroo on tho Oouy tabo into oooount* 
Tho vnoorrootod aolar suoooptibiXity CXn unoorr.^ 
io giv«n bf ^ ^ anoorr. " X^imlm^ultF might of tho 
oonplos). 
Applying tho tflMognotio oorroobion for tho ligondo 
by tho ttto of fooool^^ oonotonto (lOl), tho oorrooto4 
aolor ouaooptibility (TCg oovr.^ ^* ^*" «!••» ^ 
Xi oorr." Jm unoorr. - *JJ^iSliil)***^'******* '** 
* AM unoorr* " * ^ ' 
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Hi* •ffMtlv* mgn^tl* wMMat (;i»fr) ootti« thw b« 
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CobftXt, niokttly ooppavt ahvo«i\UB» tlMt •ateiiMi 
wad ««r«ury in TDPA* TDSA and aDMA «oMp}.«x«« v«r« •atlJMi%«d 
^ thtt folloviag pro0«diap«i«> A Imem amoxmt of tli« •o^pXts 
«»• di«golv«4 in ooiioMi«r«ttt4 tulplitiria aoid moA •v«por«««d 
to dpynoss. THo l»l«ok doooapotod ooivlox ««• thou tro«t«d 
w i ^ ui oxldiaiag alxttir* (HVOs «iid B0XO4 in th* ratio 
ii5> and hoatod to ooaploto drynooo* flio proooao MM 
ropoatod aanjr tiMoa to •nsuro oo«pXoto doooapoaition of 
tha orgimie aattar in tha ooaplax* tisa roaidua ao obtalaad 
waa diaaoXvad in watar and aada upto a moan VOXISMI* flko 
aataXa in thaaa atandard aoXutiona vovo tlian aatiaatad ^ 
tlia uaa of standard othgrXanadiaMinatatraaaatia ooid (BDTA) 
titration aathod (idd) aa tha aaaa mttg ba FAl, Cu-PAII or 
i£rioalvoiia bXaak»T varo uaad aa an indiaator. 
Ilia aoXtttiona for tlia graYiaatria aatiaation of 
PaXXadiiMt FXatinoa, Gappar and nioHai in tha oonpXaxaa 
woro aado hy troating a Inoaii aaouat of tho oa^pXox with 
aoaoaatyatad aitria aoid and hoatiag i t to o «rrupy 
oonaiatfatf • Iha pvoaaaa voa rapoatad aovaraX tiaaa and 
tha iyptipy' »• • • • • ohtaiaad vaa than diaaoXvod in vator. 
Iho oaaoaa of itftrio aaid vaa raaavod hy tho additiaa of 
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•oii««iitr«t4i4 hjAvoohlorU Mid md •vaperAting «c«iii to 
a ayrupy •«••• Ihls was than diaaolvad la aatar and aada 
to a JmovB voXuaa. 
'^ or tha aatiaation of FalladiiM kaovn volma of 
tha abeva praparad aoXutlon «aa takan. aeldlflad with 
auuta l9Qr<SroehlQrie aoid and to I t a ona per oant 
diaatfaorlglyoxiaia aolutlon in aXeohoI waa addad with 
aonatant atlrrlag. tha oranga yallow praaipltata thua 
obtainad waa allovad to atand for ona hour and than 
filtarad Uirough a aaighad alntarad oroeitola. Xt aaa 
vaahad b o ^ by ool4 and hot vatar mx6 than driad at 
liO*lSO®0 to a aonatant vaigbt* Palladlia aaa than 
aatifltttad aa faUaditM diaattxylglyoxiM /l^(04li^0gls}gy 
(id?) and tha ptraantaga of palladiun avaluatad in tha 
aoaplax* 
'or tha aatiaation af platinum a kaotm VOIOM of 
tha abova praparad atandard aalution of tha aatal waa 
traatad with half aaturatad aolutiim of anaoniiai ahlarida 
and alleaad to atind for f aa hour a* Tha latton-yallaw 
praaipitata thita obtainad aaa filtarad through a waighad 
alntarad ariaalbla* watf»ad with aeld watar and finally with 
alaahol and than driad at a tanparatura balev iOO^O. Tha 
driad praaipitata vaa than aoalad in vaauim daaiaaater «id 
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wttfM4 MMnlim Oiaor<>pX*%iii«%« {jVH^)^ P%«X^ ] ( l e s ) . 
llM p»r«tiit«gtt of «li« ••tax in th« ooBpl«x «•• th«i 
^or th« ••t iMtion of ooppor, • Icaova voXuao of 
tho ttbovo proparod otandord oolution w«o tftkon* MldifioA 
«lth 4iIttto tigrdroehlorie Mid and to It » 10;^  alkali* 
thioeyanata aoXution vaa addad «itli ooaataat ativriag in 
pi^ aaanoa of a roduoing asant lika aulpburoua aold. ma 
ahita praolpitata thua obtainad vaa allovad to atand for 
fav lioura and than flltarad tla«ough a vaigliad orualbla. 
2t waa waahad 10^16 timaa with oold solution pf^»»A by 
nixing 1 m . of alkalithioayanata and &-• dvopa of 
aaturatad aulpburoua aeid in iOO al of vatar* Finally 
vaihad i t tfyttopAl tinaa aitb 20)( alaohol to ranova alkali-
thioayanata. Ofieitha praaipitata at liO«i;£0^0 to a aonataat 
vaifht. Ooppar vaa than aatinatad aa auproua thioayanata 
[(Ott 0as)](id9}. Tha praantaga of tba natal in tha 
aanplax vaa than aalanlatad. 
Far tlia aatiaatian of niakal knovn voluaa of tba 
abova praparad aalutian vaa takan» aaidif iad vitb dUuta 
liydroatalaria aaid and to i t a ona ptr aant dinatlqrlglyoxiiia 
aaltttiott in alaohol wmm addad vith aanitant atirring and 
than randavad tha aolution aMwniaaal bf adding a l i i ^ 
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ftHiM obtalii«4 was allov«4 to »«uid for on* hotir ADtf tiMii 
tiltrntrnd through • wvlghvd •Intcrod •ruolU.*. It warn 
«sgli«4 hy eoXdvatcr imtiX frM/^^aorld« ion* «94 tbM 
^ i«d ftt 110.jiSO**0 to ft eonatant valght. lli«k«l ««• than 
••tiMitad as nloksX dlMstlvl'Slyoxiiiata (Hl(04H,,llgO,^)g] 
(169) and tha paroantaga of niokal in tha eoaplax was than 
aal«iaataA« 
Iha auli^iur in tha e<MBpiaxas of 7t>PA« TDQA and 
(KSMA has haan aatlaatad in tha soXuticais aa foUovat-
For aatioMtion of tha auXphur in tha aonpXajiaa a 
pXatinftw airaaikXa vaa takan and haatad to a aonatant vaight. 
Tha hottoai mwttkmm of tha aooXad oruaihXa vas than aovarad 
with a anaXX aaount of fuaing «istura (HOgsMagtO^it i i9 ) 
and tha vaii^t of tha aruaihXa vaa takan* Ovar this 
fusing aixttsps i^pvoxiaataXy O.i graa of tha aonpXax vas 
a4Msd s«pafiaX:r •nA wsight af tha aniaihla vas takan again. 
A gsad aMrant sf tha fusing Mixtora vas sgain addad ss 
that tha saaplax peasant in tha aruoihXa gat aevarad 
asnpXatdXf • Vha vaight vaa takan again, tha aruaihXa 
santaining tha soi«»Iax and tha fusian adxtuva vas «ha» haatad 
•arafuiXf an a Xav fXSM kaaping in nind that aw apvrting 
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•oolsd off And |^ae»d in n 1»«ftk«r» TtM wHalf ftts«A 
siji%iar« In «&• b*ttk«r ««• tti*ii 41«0olv«d IA diXu%« tagrdvo* 
ohl«ri« ••14» lM«t«d <m a ««ttr bath for f•» hours and 
flltarad off. To tho fli«v««o» hot solution of hoviiMi 
ehXorldo «•• oddod with ooaotint otlrrinc. Iht vhlto 
proeipltato to ohtalnod «o« dlgootod cm o iiot«p«t>oth» 
ooolodf flXtorod tliroufh tho oonotoAt voi^hod olntorod 
crucible^ ittaahod vlth eold wotsr and finaXlT with hot 
vatop* drlod at tiO-iSO^C to a eonotant volght and voighod 
as a« SO. (Sarlum sta^hato) (170)« m^om thaaa rosulta th« 
pMPoontago of tho suli^ur in tho ooi^ax vas th«B 
•otinatod. 
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l a i •gf4U80LP«0« LIXK 
th9 •TsUttbl* datft or* aot maStti^lmxt MIOUI^ to 
pr9di«» aagr mtitorm pm%%&m tw «li« •oortfinatine abUitj 
of hoavjr tfonor atoao of group fZ in gonorftl wxA salplMir in 
p«rtioial«r. fho donor propertloo of sulplittr in gonoral 
iro rostriotiod oo rogardo to tho noturo of tho ««o«ptov 
otoM ( i 7 i ) . Aeoording to &idg«i«k» l^o notals that «aii 
•tk9%lj ooordiaoto •« ooooptoro with oulpliiir «ro « 
€ ( ? • • • • • • • K i ( ^ ^ • • • • • • • • • • t » « . * 0 o 4 t 
•liu. Pd Ag...« •^.••Ba Sb 
•0«* ?t 4u Fto Bi 
Thm olaaoifieotion of oontral i<Mi«» )ri)i«h i* 
oomiootod with olootronogfttiTitiott hat boon proposed bf 
Oluitt* Dftvii «nd Abrload ( i7i ) o« (Z) thooo lAiioh fom 
thoir «oat stablo ooMploxoo with tho f i r s t ligoiiA atoii of 
oooh group (vis . I , 0, F) ond (ZZ) thooo vhioh fom tSam 
m»% atoblo oomploxoa with tho aooond or auibaoq i^oiit XigoaA 
• t « M ( v i s . P* S» Ca, OtO.)« tho t fpo (Z ) OOBtVA^ i O M 
liko alkaliao oarth Motalst raro-oarth and fh(ZV) show 
•loar mAi olootrovaZoat bonding (i78). Zn olass (ZZ) 
trp* ••ntral ions* throa sopsrato aatogorioa oxiat 
U ) aatals with nniisisalZy Zov oxidation BMribars, sqnaro 
pianar Io»-apin dP aystana sa ni(ZZ)» ftilD* Ati(ZZZ) and 
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Ott(Z)» A6(Z) wsd Hg(XX) of 4^^ oonflguratiMi. fbis tmOXj 
•xtaibitM «h« l i i^«t« •oaplM forwitioo •oattanfet of hmvrf 
liaiidioa And of tta^iar •ontftlning XigMidt, Aooos-dlnt %• 
ymUladtkii (173) thla oxplMMtioii ^Motf oa 7Y • 1i«ok 
bonding fpon «h« fUlod d-^oholX %o tho mtptj «rbi«oXs of 
tb« XlgMid. 1% IB, thorofovOf oXoap that auoh an offaat 
•ouXd bo favowod by Xo» oxidation niaibar. (b) tbo notaXa 
with hiigci oxidation waribara. It ia duo to tlio faat tbat 
aXX baXido eo^pXoxas toad to baoom auoh atroagM* ia a 
aariaa auoh aa Hil}, Ca(XX}, So(XZX)» n(XV) aad V(V) but 
i t ia dovAitfaX vtoothav tbia aarioa diaorialaataa agaiaat 
fluorido aa daaandod bjr typo (X) tandoaBioatliba 8 
faaiXy o.g. 3a(XX), 3b(XX)» Ta(XV)» fX(X)» Fb(XX) and BKXX}^  
abopa tha aorroapoading gaaooua ioaa ooataia two ftS- or 
• S . aXoatrona* abowa typo (XX) abaraator towarda boXidoa 
aad auXphur aoataiaiag Xigmda bat aot tovarda aaiaaa aai 
•yaai^aa. fba roaaoa aoona to ba that tho fiXXad S • 
orbitdXa voaXd boao»a atvoagX7r« aatiboadiag vitb raapaat 
to Xatar typa of Xigaada« (a) J^gaaaaa (178) boXiovoa 
that aoM aataXa aagr bava typa «XX) abaraotar ia both Xav 
aad high oxidation atataa aad yat tgrpa (X) abaraatar ia aa 
iataraadiata oxidatioa otato. 
PoraaUy aaXpfaur raaaiid»Xaa oxygaa boYiag toe 
aaiharad pair of aXaatroaa la tha bi-oovaXoat atata* bat 
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«lM doner propM>ti«« of •ttXphur op* rMMrkaMj Alttwn% 
t9«m thmt of ojqrgwi. aulplmr la froquoatly loss offootivo 
thou os:r8*n • • • donor to f irot row notol Ions* Ibo MOIB 
foofeoro lA&ioh ififliaoiioo «ho aotitro of notol-oulphur link 
•TO glToa bolov. 
Tho olootronogativltioo of doner otono follow tbm 
•orioo F-i^O^l-^COl^llr^X^Srv^SO'^O^To-^FAAoJ^Sb. Ho«ovor« 
thtt offooftlvo olooferai«s«tlvife]r muf bo influontod 1»gr ttMi 
oi^or fttono or grou|»o ottoohod to tho donor oton. Fron n 
oonsldorotlon of on olootroototie nodol» I t o«n bo sold 
thut for • imidontato ligond* tho ooordinoting nbil itf will 
dopond not onlr on tho olootronogotlvtty but on tho totol 
d i ^ l o noaont of tbo ligond oliloli in turn dopondo on both 
tbo p^nmimt ond tho induood dipolo nononto* For oxon^l* 
tho pomonottt dipolo noMont of IB^ io looo thin thot of 
•l^ O* «>M t o t a dipolo ttoawnt of m^ nny bo gront«r in tho 
proiondd «f dfttiono with h i ^ polorising powor (91 }• 9ho 
iMPgo oiio nnd tho iMllor poraanont dipolo noMnt of 
•jjS ( /^« « i . i o, «id yUa^  . i.t o) roduoo ito 
ooordinottag ibUity bolow thot of wotor for lono of Ion 
fiold otroi^th (•!>. Bowsvor, SgS i i "oro poloritoblo 
thoa BgO ond with iono of high»fi«ld otrongth o.g. RgiZZ)* 
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Ai(Z)» B^ a •eer4iM%«» •trongXy and yrotott* m for««4 
9tt to giv« inaoltibX* mlpbid««. Ag«ia for oxysMi li«MMl« 
both %lui p«««»•»% 4ipol« MMMiit MiA %li« •oordlMtiiit 
•bUlty Afwmm»9 «• B^ O^ ItOB^ j^tsO viMrMt in •«•• of 
•uXpinir lifMids ftiMM iiMr«M« in <»p4«r ^aLBSmLn^B, 
A«ttor4inff to UvlagstoM (91), iMglM^lag aaar omtrilPuMea 
for 7T*lMa4tiig» tti« stPWAgth of bends on oonaldwration of 
•l««too«ta«i« md MvalMit nod«l« oiiould folXow «h« ord«r 
(a) RO^ R^S and (b) SgO^^KgSAiigSa I^tgTa. 
ft>layiMrtitlity 
SUXplnir having graatar polar Itabil l^ in ao^parlacm 
to ojqrsan ataa, haa an inportant baarlnf on thair ralation 
to dcwM»r aapaai^. llaraovar» ttia polarIsabllilqr daeroaaas 
by alkyl aubatitutien* tba daaraaaa ia attoh laaa (6 par ^min 
in goUHi <^M» %S ^ %3 ttian ttia daaraaaa (Sd ptv oant) in 
going f^on BgO to RgO (ltd)* AiMong tba anlpbur liganda 
tliaMalvaa tbo daaraaaa In polarisirtiUitf faUava tlia 
erdar ar'^gi^^ggS. gjrliola at.al. (1»7) obaarvad tbat tha 
donara aontaining -SR gi^up aoordinato nara atrangly vitli 
tranaitian natala than tha anlpkidaa and aanalndad tbat 
in paaaing US to RgS tha proton affinitf aT aul^w 
daoroaaaa anamendly ahiah ia o rou^ naaaiiro of tho 
tondonoy to fora strong v^bonding iMah in tmrn aiao 
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•tt—fa toy th« fMtors l l l i i •!«•» ftvallAbllltf of 
»—B»mtf d*ortoit«Ic of bi««ovftl«ii« lolpluip iHtllag to 
«v«rl«i» guffi«i«iUf oYor «li« f l l l«« «.orl»itat of tteo 
«otoX«« 
Ikffl4 •tronMth ontf waKwro of l«yn> p«ii»| 
Za tho f oraotloB of o ooaplox tootwoon o aotel ion 
•nd • Bogfttiv*l7 ohorgotf llgoiid tlio bond otrongth Aopoodo 
on tiM offoetivo ntiolLoor oborgo ond tho ioolo roditto. 
Honoo RO vould bo o:q»ootod to ooordiaoto aoro otroagly 
tbon RaT and thorofopo* bond otroagtb of Ro' obould bo grootor 
Uk§n i^ot ot Ha, Iho oino olao boldo good for on laaohorgod 
XigMod oxoopt in apooiol ooooo (ift7« 176}• 
3uaphur having vaoaat d*orbitaXa» oan ontor Into 
dTY • dyr bonding irtioroaa ojqrgon and nitrogon havo no 
orbital a ftvallablo to aaoopt olootrona f»on ouitably fUlod 
d« orbltala on tho notaX aton. Iho anotwt to irtilah 7T«» 
bonding ooonra la dlfflanlt to oaaoaa b«t on ttoo baalt of 
avallablo ovldonao ( t l ) I t oan bo atiggoatod that I t dooa 
eaouv favoivobXf with Xlganda aontalalng aftXphur aa donor 
atoM. Thoroforo, i f 7T - bondii« oooiara* i t aan Bm^B a 
rovaraoX of tho ordar. tho oondltlon for 7T • bonding oro 
•oat f avonrabXa olM tho Xattor ntnbor of tho aooond and 
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tlilr4 traaaitiOB ••rU« ••«• W<n) , P»<IX), fi«(ZI) uA 
with «h* MPly tr«ii9itloii M t t l s in th« !•« oxitfttUon 
•ta%«« «• ito(O), w(0) Mm il«(X). m« niu*tr of 1 « M 
pairs d««rM««« in goint twwm 1?" to B S^ tihioli i t alao «li« 
ordir of dMr««M of poXtrlsaliility wad honeo in angr 
oontitforotion of tho bondins proportioo of ottlphw Xig«ulo« 
tho dio^iiiuUon botvoon ouiphido ions, nwrosptido ion ond 
thio othov should born in nind. Xhus in thiols* ohoro 
suiphur i s hi»oevslsnt snd V-shspod ss oonpsrod to i t s 
tvioovslont snd trigonal shapo in ^ i o mVtwft tho «rsat«r 
poiarissbiiity of thiols i s alvaya so^psting against tho 
dyv* oloatron sapasity of thio-athara (i76)» 
Iha low affaativa nfiialaar aharga on sulphiir» 
saaording to liyholn a t .a l , (ift7) and lafonason (i7V), binds 
d. orbitids into hgrbridisation with -» and -p orbitalo 
•nabXing sttiyhnr to fmm asro tlian fow bonda to a«iar 
atssw and nUika osygsn insraasa i ta naxiMsi aosrdinatian 
nM*sr to aix* fbis rasnits in tha mluuiaad atrangth of 
bothu--«i«7r irP« •f ^Mkds. Low pvoaotian ansrgUs naka 
d. partiaipatian faasibla dua to vhiah rasuXts in PTT •»* 
dTY arbitaXs avsrXap indiaating tha aonfigaratian 
aantaiaing tlMsa bands* vliish i s not possibXs in •— •t 
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•iqrtM* A ntabMf of ••i4MM«a hmw bota oi««4 of mapluiv 
MklAg froqttoii« uoo of d7T ovMtolo to form Miltlplo bonds. 
AMong tho oiapliur doaoro tlioaioXvoo i« hoo boon otooorvoA 
that bi-oovolont sttlpliiir ! • «oro offootlvo in produoiag 
olootroa pairing in four-eovolont Mi (IX) ooim>l«xoa thon in 
tri*eov»l«nt milpiuir. Coapoundo l iko xonthio ooid ( i fe) 
«nd thiooxoXio aoid (i78) oouoo oloetron poiriag wborooo 
ohoXoto grot9 StS(aHfi)g 9Xt oad i*Mo«lqrX*9» d-diaotlvX 
thiobonaono faiX to do thio (i57)« Two p» bondo oro 
fopiiod by ottXphur in f i r s t oooo and in tbo Xottor ap* 
bonds* Hogsrding tho orbitsXa of iMtaX uaod for bond 
Ibrastion with bis (sootyXseotoaato) l i i lX) foaras totrs-
bsdrsX iniXv Ctt(XI) foras a sq«»aro«pXanar ooapXox. 
fosrsoa (iTO) has oXassifiad aataX ions aad Xigands 
iata "hsjpd" aad "soft" Xowis aoida aad baaoa and haa auggoa-
tod a goaavaX puXo that hard aoida bind atroagXy to hard 
baaoa aad aof t aoida to aoTt baaoa• Bard aoida aro thoao 
ahiah aro baaio ia uaaaX aoaao biadiag atroagXy to tho 
protoa «hlXo soft aoida biad atroacXy to highXj poXari* 
•abXo or uaaaturatod baaoa whioh oftoa havo aogXigibXo 
proton baaioaXXy* o.g. BsS. Tot i t ia poaaibXo for a baaa 
to bo aof t and atroagXy biadiag to tho protoa. Saah a 
I l l 
•«• • i« fth# higiay pel«rls«bl« s*® ion. fh« «<HM«pt of 
•of% «ad b«r4 Midt votaghly oorrospoads to (Z) Mid (ZZ) 
«7P« n»tttZ« of Cbatt •ft.al. ( i 7 i ) . stftbiUtjr eoaotaak of 
ooaploxoa fomod in aquoout •olutlons botvoon variotta 
ttotal ions and tttlptiur donor ligando do not fol io* bMO 
otrongth of tetao aolds» «• has boon pola^ad out by ZrviBf 
and Fttrnoliua (180)« la oaao of tboao mmttlt i#ovo 
TV - bonding night ba axpaotod to bo of inportanea. 
Aooording to £onguat-Biggina ( i8i) tha aueeaaafUl aonplox-
ation batvatn auliAiur aontainiag batrooyolia ooi^otnda and 
tha tranaitlon natal iona la dua to largaTV* oon^ibution 
fpon tha atjfonglf bonding TT • orbitala* Iha aaid oonpoun^a 
hava not irat baan thoroughly invaatig^tad. A eonpariaon 
of tha ralativa atabilltiaa of tha aonplaxaa fomad 
batvaan fUBg* n^O, Bgd* R S^a (R s natbgrl group) aa ligand 
and tranaition natal iona aa aoaaptora hat baan nada bqr 
Ooataa and ^litoaonHo (188). Ihia aonpariaon haa vavaalod 
p^ontar atability of natal-aulptonr bond in oonpariaon to 
aatal-onyg«n ond aatal-nitrogan bonda to tha ama natal 
ahiah la dua to tha 7T • dharaatar of natal-aulphur bond. 
«ho apaatroahoniaal aariaa of Uganda ia armgad 
aaa(wdii« to apaatvooaopla f l i t t i n g paranatal A(lO ^ ) » 
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• • SiVM *r «h« f]r«(|UCB07 of «h» lovott lisaaa f i« l« 
ftbMV|»ftl«n baad la «»«asiti<m a«tal Mm»lM««* At * tM4 
tpproxlMtioa %3af f olXoving r«l«tioathlp for A liolds 
A • 10* f .g . •«•* 
viMro f i« a funotloa of ligoad ond g of tho motol oto». 
Tho pooltioa of •ttlpliur Xlgondi io not oloar mo rolatlToly 
fo« ooMploxoo of suXphup 3Llgtai4» hovo boon otudiodi spoettro-
plMtOBotrloaXly. Bo«ovor» oXthough OOMO oulphur Ilgoado 
•po HOOT ehlorldot sulphur oppooro to h«vo m «ido rango« 
oa 30|l* «boB bond through aulphur haa a lata position 
la tha 9mr%^9 aaar gO^* RgS prdhabXy oaaura batwaan IgO 
and £03 (ISS). Tha position of Rl la tha awlaa la 
aatlaatad froa tha apaatra of aaraaptoattaylaalBa aaaplasaa 
of Co(nZ) (189). 
tha praaant atudlaa ravaal tha poaltloa of ODIIA 
aaaa ahara batoaan pgr and ilg and tha poaltloaa of TOfA 
aad fDSA sra ao«a ahara batvaaa IgO aad foi aaa» i^ bwtt 
1^0. fha aorraapoadlag apaatroahaalaal aavloo of 
trvialtloa aataX lana la roapoot of thaaa llgaada alao 
foXloa tho gaaaral ralo* Tho apaatroahaaloal BWX99^ 
tha llgaada (104) la -
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1* / . * • Z-tl/v^ J0»*Z 4^*/ . F% Qfm^^^XaT^ JlJigV^ 
KCOO*Z, OgO -^*/. H80A^»FA''Mro»AZlCS''Z«ll'Z-PfZ. 
Corr«tpoiittiBi •«rl«« of 0«iitral «•%•! ions (184) 
u ifci(ii>Z»i(n)Z^oo(n)ZF«(ii)Z^?(xi)Zp«(iix)Zcr(iii)^ x-^  
v(iii)/Bo{ixx)Ziiii(i?)Z«o(xii)Zjih(in>^Ktt(ixi)Zo»{xv) 
Pd(IV)Zxr{XH)ZR«(xt)Z-PfcUV). 
•lag iiiiBli«r of trtaslUeii fPoup 9^ L^^ LuP' (with 
rolatlv* valu« of th« fuaofeloa l t l .46t l .76) and ««proo» 
poiMlliig to iiHiPooftlng ojcMofelon maiboro •& Z •& Z 44 
(wltli roXotivo yaluoo of ftinetloDo lt l«6tl«t)* tlum 
•toong inopooto of A ^^" dlvolont to trivalMut lona 
la %h« flPot troatlUott groap «U1 hardly bo osplolaod 
by oay rooooaoblo olootrootoUo aodol. tlio apootroohoalool 
•orioo of totarogenaX ooav^woo boo tbo soao oa^ov of 
llgaado alkoroao in oaoo of totrahodrtX oyMotvy «lio «avo 
faaotioB o«i not bo olaottflod oooordlag bo porlty. 
Oao bo bho iaodoqaooir of oaporlMabol 4»»o opir 
aloo thoovobioal oaloalabloao on ovorlop iatograXo* lb lo 
«lffioiab to famoXioo bho nobol •Mlptoar l ink. Io«ovor» 
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ttM t^lX^ming fMtora gr««tty •oatriWt* to tiM foTMitiOA 
of mfh m bpa<« 
!• fh* dlffiiadd orbltftls of flolpbur 4oii«r« ai^ 
miA9r§p ooiitr»«tloB (•• ftgaiiist •ontrMtion tboory of 
OftiSfl Oruiokattnli b«li«v«s Vhmt M«orbit«I» In tli« tr— 
•ulyhui* aicm aro aXroady of salfeablc S I M foip bonding) bf 
tho poaitivo iona of natal a of hlghar valanaj atatoa* 
Zbia night load to atabiXlsation of blgli valonay atataa in 
traaalti<m natal ooa^laxaa Ifivoliring gulphiar 4anora» 
partieuliu*!^ for tboaa notala in whiah tha affaativo 
Buelanr eharga It hig)i» 
8. Sulpbup donov'a would ba aapabla of aauaing 
atabillaatiOR of low valane? atataa by fornatian of 
V~* bonda and bf vadnalng tha oharga on natal bf book 
donation and fomation of x • honA* 
9. fha idoa of radualng ohMPaatar of aulpbnr 
XigMda aaryoipinda voaaonably nail vith thoir poaition 
in lAia na^haaiwuMtio off oat. 
4» fha poaition of aulphnr ligoada aontoinifgr 
ttiiol 9»ov4^ a ihvalving donation trm n bi^aovalant Mlpbnv 
•nana to l i o oftir 8^3 ^^i^w tha anlylMr ia triaoirolant. 
Stability of tvanaltion natal aMploxot vith iMlphM» 
ligoida io not alv^r* prodiatad on this baaio* ttif 
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trieov«il«iift sulpbur in Many o««»» tlioia.4 eon^ftratiirAlf 
hm A poor donor is r«ftllf a VME«d ifittatioii. 
9« St«rl« fMtors mtA tib9 tibmlmtm •tttttt would 
ftlM •ff««% th« stAtoUitgr of tta9 «•««!• guiphur linli* 
Mo«ov«r« rolftfeivoly larg« • ! • • ef •uipliur doot not wwrant 
that tbs prop«Ftl»s would b« groatly aitorod tof ottbati* 
taoittt H in liganda Xiko ligS. Also tho eoiiQ»flr««ivi&y 
tSfm^w feondonoy of oatonction alioitld ba born in niad whiia 
aaXeuXating the at«r*io affaota* 
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Metal Complexes of Thiopolycarboxylic Acid CodI), Ni(II), 
Cu(II) and Cr(III) Complexes with 3,3 -Thiodipropionic Acid 
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3, 3'-Thiodipropionic acid forms 1:1 coloured complexes witli Co(II), Ni(II), Cu(II) 
and Cr(IH) IMjL,) and their structures iiave been cliaracterizcd on the basis of elemental 
analysis, magnetic measurements, Infrared and electronic spectral studies. It was found 
that all these complexes arc high spin octahedral. Cobalt(II) and Nickel(II) complexes 
show normal magnetic moments but copper(n) and Cr(ni) show anomalous magnetic 
behaviour. 
METAL complexes of thiopolycarboxylic acids have been the subject of many recent studiesi^". 
Suzuki et. al." determined the stability constants 
of some metal chelates with 3, 3'-thiodipropionic 
acid and reported 1:1 complexes with six membered 
ring. 3,3'-Thiodipropionic acid has two carboxylic 
groups, and one sulphur atom as donors and hence 
capable to afford the examples of homonuclear 
metal-metal interaction'. The present communica-
tion deals with the preparation and characterisation 
of metal complexes of Cobalt{II), Nickel(n), 
Copper(II) and Chromium(ni) with 3, 3'-thiodipro-
pionic acid [S(CH2. CHa.COOH)^]. 
Experimental 
3,3'-Thiodipropionic acid (EvansChemetics, Inc., 
New York) of 98.8% was used as such without 
further purification. All other chemicals used were 
of A. R. grade. 
Preparation of Complexes : The metal complexes 
ofCo(II), Ni(II), Cu(II) and Cr(III) with 3,3 '-
thiodipropionic acid were prepared by the general 
method described here. A solution of hydrated 
metal chloride (75 ml, 0.2 M) was added to an 
equimolar solution (75 ml and 115 ml in case of 
Cr(III) complex) in distilled alcohol. A few drops 
of concentrated NaOH were added and resulting 
mixture was refluxed for four hours, over steam 
bath. In case of Cu(II) and Cr(III), a sky blue 
and bluish green complexes were obtained respec-
tively but in case of Cobalt(II) and Nickel(II), the 
r-esulting mixture was concentrated to 50 ml which 
yield light pinkish and light greenish complexes 
-respectively on refrigeration for two days. The 
complexes so formed were filtered, washed with 
alcohol, acetone and ether and dried in vacuo over 
calcium chloride. 
Physical. Measurements : The instruments 
methods have been given previously*. 
and 
Results and Discagsion 
3, S'-Thiodif ropionic acid forms 1 : 1 , coloured 
JICS—3 
complexes with Co(Il), Ni(II) and Cu(Il) which 
are slightly soluble in water and common organic 
solvents. However Cr(III) complex is almost 
insoluble in HgO and common organic solvents. 
The decomposition temperatures which range 
between 150-200° show that complexes are thermally 
quite stable. The molar conductance in D.M.S.O. 
indicates non-electrolytic nature of these complexes 
(2.06-3.10 ohm-^ cm-^ mole-^). 
Cohalt(ll) Thiodipropionate : The observed mag-
netic moment 4.92 B.M. of Co(II) thiodipropio-
nate is within the usual range of reported data for 
high spin octahedral complexes^ and suggests octa-
hedral symmetry. The diffuse reflectance spectrum 
shows three absorption bands at 7.52, 16.25 and 
19.60 kk which are similar to the transitions of 
octahedral symmetry in Cobalt(ll) complexes and 
further supports octahedral symmetry. The observed 
v^ transition at 16.25 kK which is approximately 
twice but not greater than 2.2 times to that of v^ 
transition (7.52 kK) also indicates that the complex 
is regular octahedral (r2/1)^ = 2.16)^. Thus magnetic 
and spectral data suggest octahedral symmetry of 
the complex. Since ligand has only five donor 
atoms, the sixth coordination site should be 
completed by sharing a non-bonded oxygen atom 
with neighbouring molecule forming a dimer as 
suggested from molecular weight determination 
(experimental M = 465). A value of /?, 0.901 suggests 
low degree of covalency. 
Nickel(It) Thiodipropionate-Monohydrate: It shows 
magnetic moment 3.27 B.M. and suggests high spin 
octahedral symmetry. The octahedral stereochemistry 
is further supported by diffuse reflectance spectrum 
which shows three bands at 7.50, 14.25 and 23.92 kK. 
The observed separation oi v^ and v^ transition, 9.67 
fcisT being considerably lower than the calculated value 
of 11.28 kK for regular octahedral symmctry^^, 
suggests that the complex is distorted octahedral. 
This is further supported by I'a/j'i ratio 1.90. The 
7.1% decrease in weight at 134' in T.G.A of Nickel 
complex indicates coordination through a molecule 
of water. A value at /8, 0.935 indicates low degree 
of covalency. 
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Cu{It) Thiodipropionatc : The observed magnetic 
moment value 1.31 B.M. is subnormal in case of 
Cu(TI)-thiodipropionate and suggests spin-spin 
coupling between unpaired electrons of neighbouring 
copper atoms. The diffuse reflectance spectrum 
shows two transition bands at 14.70 AJAT and 26.31 
kK indicating octahedral symmetry^^ and dimeric 
nature of the complex.^'^ The copper(II) complex 
will be distorted octahedral due to John Teller effect. 
Thus in copper(Il)octahedral complex, metal ion is 
penta-coordinated by the ligand and the remaining 
sixth coordination position will be occupied by 
C u - C u bond forming a dimer. This is supported 
by magnetic, I.R., diffuse reflectance spectral data 
and molecular weight determination which comes 
out to be 468. 
Cr(III) Thiodipropionate : The observed magnetic 
moment value 3.26 B.M. is considerably lower than 
the spin only value as well as reported data for 
octahedral complexes and suggests inter or intra 
molecular antiferromagnetism between Cr(III) ions. 
The diffuse reflectance spectrum shows two strong 
bands at 17.46 and 24.52 kK, suggesting octahedral 
symmetry. Thus Cr(III) complex is high spin 
octahedral in which metal-metal interaction between 
chromium ions form a polymeric structure. 
I.R. Spectra : Infrared spectrum of 3,3'-thio-
dipropionic acid and its complexes were recorded 
in the region of 4000-200 cm"^. Disappearance of 
»>(OH) vibrations and shift in v»,(COO) vibra-
tions^"'^* towards lower wave number in complexes 
indicate coordination through both bonded and 
non-bonded oxygen atoms of the carboxylic groups. 
The C - S stretching frequency shifted towards 
lower wave number in complexes with respect to 
free ligand, indicating coordination through sulphur. 
Thus ligand acts as pentadentate in all the metal 
complexes forming a six numbered ring with the 
metal ion, as the non-bonded oxygen atoms are 
supplied from neighbouring molecule. 
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METAL COMPLEXES OF THIOPOLYCARBOXYLrC ACID : MAGNETIC AND SPECTRAL 
STUDIES OF ZINC (II), CADMIUM (II), MERCURY (II), MANGANESE (II) 
AND IRON (III) COMPLEXES WITH THIODISUCCINIC ACID 
S. K. Tiw'ARi AND D. P. S. RATHOKE 
Chemical Laboratories, Z. tl. College oj Engg. and Technology, Aligarh Muslim University 
Aligarh 
Thiodisuccinic aoid (TDSA), S—/CHCOOH \ foi ms stable complexes with zinc 11), cadmium (II), 
\CH,COOH I.. 
mercury ai) of ths type fM^L]. X HjO (M = Metal L = ligand. X = 1 for Zn (II) and X = 2 for 
Cd (ID and H^ (II) and with manganese [II) of the type [MsL.X H2O], (X = 4) and with iron (111) 
of the type [M3L (OH)2]. XHjO (X = 2). Their structures have bean characterized on the basis of 
elemental analysis, magnetic moment, ehctronic and IR spectra] studies. 
Thiodisuccinic acid (TDSA), S—,CHCOOH v 
I 
^CH^COOH , 
contains one sulphur atom and four carboxylic 
groups, capable of combining in various polyden-
tate modes. It has been observed that sulphur is 
not coordinated in the complexes most probably 
due to steric hinderance caused by the presence of 
large bulky carboylic groupings at each end of the 
molecule. This results in forcing each end of the 
molecule to chelate different metal atoms. A con-
siderable difference in the interaction of Zn (II), 
Cd i l l ) and Hg (II) has been observed owing to 
substantial increase of the affinity towards donor 
atoms in the order : Zn (II) < Cd (II) « Hg (II), 
The present communication describes prepara-
tion and characterisation of Zinc (II), cadmium (II), 
mercury (II), manganese (II) and iron (III) com-
plexes with TDSA. 
Thiodisuccinic acid (TDSA) of 99.8% purity 
(Evans Chemetics, New York) was used as such 
without further purification. All other chemicals 
used were of AnalaR or chemically pure grade. 
Preparation of the complexes : The metal com-
plexes of Zn( I l ) . Cd(Il), Hg(II) , Mn(II) and 
Fe (III) with thiodisuccinic acid were prepared by 
the general method described here : A solution of 
hydrated metal acetate or chloride (0.2M, 100 ml) 
was added to an equimolar solution of TDSA 
(50 ml) in I : 1 water-ethanoi mixture. The metal 
complex was either precipitated on mixing or on 
refluxing for about four hours, over steam bath or 
on adding excess of acetone or methanol. Zn((I), 
Cd (II) and Hg(I[) complexes were white in colour 
while Fe (HI) complexes was reddish-brown in 
colour. In case of Mn (II), a few drops of concen-
trated NaOH were added (pH = 5-6) and refluxed. 
A greyish coloured precipitate was separated on 
adding excess of acetone. The complexes so formed 
were filtered, washed with alcohol, acetone and 
ether and dried in vacuo over calcium chloride. 
Mn (II) and Fe (III) complexes were slightly soluble 
in water and insoluble in common organic solvents. 
However, Zn (II), Cd (II) and Hg (il) complexes 
were insoluble in water as well as in common 
organic solvents. 
Results are given in Table. The decomposition 
temperatures which range from 178 to 340°C indi-
cate that the complexes are thermally quite stable. 
Zinc {II), Cadmium {II) and Mercury {11) Com-
plexes with TDSA. For group H elements, there 
is no evidence for oxidation states higher than two. 
Therefore, all Zn (II), Cd (II) and Hg (II) com-
plexes should be diamagnetic and will have no 
ligand field stabilization effects owing to complete 
d-subsheils*. All these form stable complexes with 
TDSA. These are white solids, diamagnetic and 
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insoluble in water as well as in common organic 
solvents. The electronic spectrum of the complexes 
were found practically identical with that of the 
ligand. Thermogravimetric analysis give weight 
loss in the temperature range 11 -120''C correspond-
ing to one water molecule in Zn( I l ) complex 
(Calcd. = 4.3870 Found = 4.12%), two water 
molecules in Cd (II) complex (Calcd. = 6.89%, 
Found = 6.18%) and two water molecules in Hg(I[) 
complex (Calcd. = 5.15%, Found = 4.58%). 
Manganese {II)—TDSA Complex. The observed 
magnetic moment value 5.48 B. M. is very close to 
the generally accepted value for spin free octahedral 
stereochemistry*. Thermogravimetric analysis also 
gives weight loss corresponding to four water 
molecules (Calcd. = 16.20%, Found = 15.18%). 
The observed electronic spectrum (Table) con-
sists of four main bands corresponding to : "A,^ 
(F) -* »T,3 (G) at 17.85, "A,3 (F) -^ «T,<, (G) at 
20.40. and "A^g (F) -^ ^A^^ (G) at 26.38 kk . These 
observed bands are quite similar to manganous 
aquate [Mn(HaO)„]'+. The fourth band which 
appears at 40.81 kK is due to charge transfer. The 
Racah parameter was calculated using the relation", 
«Ai(, ( P l - ^ / T , s (G) _ 24.0 and comes out to be 
743.3 cm-" .^ Ligand field stabilization energy, Dq 
was calculated using the relation D q / B ' = 1.1 and 
comes out to be 817.7cm-'. The Ep term separa-
tion calculated comes out to be 11145 c n r ' . This 
corresponds to about 77.4%, of the free ion value. 
The value of j8, 0.774, indicates a low degree of 
covalency. 
Iron {IU)—TDSA Complex. The observed mag-
netic moment value of3.75B. M. indicates octa-
hedral symmetry"''. The electronic spectrum Con-
sists of four spin allowed bands in the range of 
13.15 kK to 25.64 kK. Therefore, assuming a octa 
hedral field to be present, these observed bands may 
be assigned as follows^ : "A^p (F)-**T,^ (t^^)' (eg) 
at 13.15, "A , , (F) -- *T , , ( t , , )* (eg) at 15.15, 'A,;, 
(F) ^ *Kg iUgr (eg)' at 18.51, °A, , (F) -^ *E, 
{t.,gr (eg)" at 23.80 and 'A,g {F)-^^T,g {t.gY (eg)" 
at 25.64 kK, The calculated value of Dq, 1428 cm"^ 
is in good agreement with the value of 1400 cm-* 
for iron (III) coordinated with six oxygen atoms. 
This also suggests that the iron in the present 
complex is surrounded by a weak ligand field of 
octahedral microsymmetry. Further this complex 
is quite analogous to that of iron (III) - thiodicarbo-
xylates",' of the general formula MLOH indicating 
a polymeric structure where hydroxyl group acts as 
a bridge between the metal atoms. This view is 
further supported by the magnetic moment of the 
ferric complex which is typical of an hydroxo-
bridged polymer. Its negligible solubility in benzene 
and chloroform accompanied by marked swelling is 
another evidence for the presence of linear chains 
as the predominating species with the cross-linking 
only of minor importance^. 
Thermogravimetric analysis of Iron (I.l)-TDSA 
complex shows initial weight loss at 110°C corres-
ponding to two water molecules (Loss in weight, 
Calcd. = 8.12%. Found = 7.82%) as lattice water. 
/ . R. Spectra. The 1. R. spectra of the ligand 
thiodisuccinic acid and its complexes were recorded 
in the region 4000-200 cm'^. The C-S stretching 
band at 725 c n r ' in the ligand does not show any 
shifc indicating uncoordinated sulphur atom in these 
complexes. This may be due to steric hinderance 
caused by the presence of large bulky carboxylic 
groups on each end of the molecule. Disappearance 
of y (OH) and yas (COO) vibrat ions '"-" towards 
lower wave number in complexes indicate coordina-
tion through both bonded and non-bonded oxygen 
atoms of the carboxylic groups. In the Zn(ll), 
Cd (II) and Hg (11) complexes, the observed strong 
band near 3400 cm-' indicates the presence of water 
molecules. Other characteristic band groups in the 
I. R. lead to the conclusion that hydrated water (if 
present) does not take part in the coordination and 
that the carboxylmetal bond has essentially an ionic 
character '*-" . It is, therefore, suggested that in 
Zn (II), Cd (II) and Hg (II) complexes, metal atoms 
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Analytical, magnetic moments and diflfuse reflectance spectral data 
Formula of the complex Colour 
Decom-
Percentag- position •/teff. Transition hands 
tempera- iB.M.^ in reflectance 
Carbon Hydrogen Sulphu Metal ture spectra (kK) 
IZn2(C„H„0HS>l.H,0 White (Obs.) 24. •?4 1.48 
(Calc.^ 24.42 1.53 
[Cd,(CBH.O«S)].2H.O White (Obs.) 17.94 2.07 
[Hg3(CHH«0,S)I.2H,0 White (Obs.) 13.80 1.37 
(Calcl 13.76 1.43 
fMnaCCsH.O.S) .4H.j01 Ore>ish (Obs.) 21.48 3.41 
"' ^ '^ (Calc.) 21.63 3.15 
rFe.,(CsH,>O.S)(OH)»] .2H^O Brow- 'Obs.) 23.92 2.70 
nish red (Calc.) 23.47 2.75 
Abbreviations : Obs = observed, Calc. = calculated 
•Calculated from Mefl. = 2.84 n M,. r\u2 B. M. 
8.22 33.40 
8.15 33.33 



















Selected T. R. frequencies (cnr^) with their tentative assignment of TDSA and its complexes 
Chemical Formula 
Tentative Assignments 
v(C-S) v(C00i^y^ "(COO^^y^ Av(COO) vH,0 
725 S 

















1375 mbr. 1580 m 
235 -
205 3400 mbr. 
1380 mbr. 1560 m 180 3350 mbr. 
1385 S 1585 mbr. 200 3600 mbr. 
1375 S 1560 mbr. 185 3350 mbr. 






930 m. b. 
Where S •• strong ; m = medium ; br. = broad, v. br. = very broad. 
29 .S 
Nat. Acad. Sci. Letters, Vol. 2, No. 8, 1979 
are coordinated tetrahedrally through oxygen atoms 
as donors and coordination sphere is formed alter-
natively by bonding and non bonding oxygen atoms 
of the carboxyl groups. The insolubility of these 
complexes indicate that the non-bonding oxygen 
atoms are supplied by neighbouring molecules in the 
formation of polymeric net work. 
A second band at about 930 cm-* in Mn (H)-com-
plex, was however, assigned to coordinated water 
molecules as supported by thermogravimetric analy-
sis. 
[n the present case of iron (111) complex a strong 
band at 980 cm""^  may be assigned to yOH bridg-
ing vibrations. This is in accordance with the 
chemical behaviour of a typically hydroxo-bridged 
complex. This suggests that the two OH groups 
in iron (III) - complex occupy two coordinated 
positions thereby making the complex of an octa-
hedral stereochemistry. The infrared spectrum 
studies support the analysis and electronic spectral 
findings as reported above. 
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